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ABSTRACT
The results of trace element analyses of
archaeological human bone have been used to investigate
questions pertaining to the dietary practices and
subsistence behavior of various prehistoric populations.
As a technique still in the experimental stage, however,
a number of methodological difficulties have been
identified.

This thesis examined two aspects of trace

element analyses of human bone.

First examined was a

methodological problem that has received increased
attention since the initiation of this study:

the

documentation, measurement and control of
intraindividual variability of trace element
ooncentrations.

Secondly, the validity of dietary

inference from trace element concentrations were
addressed using the results from the analysis of the
Gordon Town (40DV6) skeletal sample, a Late
Mississippian group from Nashville, Tennessee.
Five elements were measured in from two to four
bones in 12 adult individuals.

The elements chosen for

measurement were manganese, magnesium, strontium, zinc
and copper.

High levels of the first three elements are

indicative of a diet containing a large amount of plant
foods.

High levels of. the last two elements indicate a

diet composed of a high proportion of meat resources.
The bones selected for analysis were the femur, humerus,
vi

rib and vertebra.

The 12 individuals that comprised the

sample met a number of stringent criteria designed to
control for extrinsic (environmental) and intrinsic
(physiological, biological) factors that may alter the
trace element concentrations of an individual from those
determined by diet.
Descriptive statistics, Student's T-tests and
Analysis of Variance (ANOVA) techniques assessed mean
bone element concentration differences between males and
females, individuals of different age groups,
individuals buried in different areas of the site and
different bones of the skeleton.

Results indicate that

no differences in element concentrations existed between
males and females, age groups and different areas of the
site.

Significant element concentration differences

were found to exist in the four different bones
analyzed.

The differences seem to be related to the

type of bone (compact, trabecular), bone turnover rates
and stability of the trace element.

It was also

determined that intraindividual variation of element
concentrations is in some instances greater than
interindividual variation.

These results indicate that

the element concentrations of one bone cannot
legitimately be compared to the element levels of a
different bone.
Dietary inferences from the trace element
vii

concentrations of the bone analyzed were limited.
Absolute or even relative proportions of plant versus
animal foodstuffs in the diet were impossible due to the
unusual elemental composition of the carnivore sample
and the inaccurate strontium concentrations.

It was

concluded from the relative element levels, however,
that the Gordon Town inhabitants consumed a diet
composed of a variety of both plant and animal
foodstuffs.

The consumption of a varied diet by the

Gordon Town people is in contrast to the predominant
subsistence strategy of Late Mississippian peoples.

viii

TABLE OF CONTENTS
CHAPTER
I.
II.

INTRODUCTION

............................

Research Goals ••.•••••.•••••••••••••••

1
6

THEORETICAL CONSIDERATIONS IN TRACE
ELEMENT ANALYSES OF HUMAN BONE ....... .

9

The Definition and Functions of Trace
Elements •...••.••.••••••••••••••••••
Sources and Modifying Factors of Trace
Element Concentrations in Humans ....
Summary •..•.••••••••••.••.••••••••••••

III.

ARCHAEOLOGICAL AND ENVIRONMENTAL SETTING
OF THE GORDON TOWN SITE (40DV6) .......

Site Location and Excavation History ..
The Mississippian Period ..............
The Middle Cumberland Culture .........
Environmental Setting .................

IV.

V.

VI.

PAGE

MATERIALS AND METHODS •••••••••••••••••••
Sample Selection for Trace Element
Analysis • • .•....•.•.••..••••••••••••
Trace Elements Chosen for Measurement·
Sample Preparation ....................
Atomic Absorbtion Spectrometry ........
Statistical Analyses ..................
RESULTS AND DISCUSSION ••••••••••••••••••
Elemental Differences Due to Gender ...
Elemental Differences Due to Age ......
Elemental Differences Between Burial
Clusters . • •••..••.•••.••••••••••••.•
Research Goal #1: Intra-individual
Variation ••..•••••••••••••••••••••••
Intra-individual Variation Compared
to Inter-individual Variation .......
Research Goal #2: Inferences Regarding
Dietary Practices and Subsistence
Behavior of the Gordon Town
Inhabitants .•...•...•.••...••.•.••.•

SUMMARY .•.... . ...•....•.••.•••••••.•••••

REFERENCES CITED

..............................
ix

10
12

24

25

29

30

35
38

50
52
63

67

70

72

76

81

85

89
91
98

102
115

120

CHAPTER

PAGE

APPENDIX
••. . ••. . . . •••. •••••. •••••• • •••••••••
Trace Element Concentrations (ppm) of
Human Bone Samples From the Gordon
Town Site (40DV6) . •. •. • •••••••••••••••
Trace Element Concentrations (ppm)
of Animal Bone Samples From the
Gordon Town Site (40DV6) •••. . •••••. •••

13 7
138

VITA

141

..........................................

X

140

LIST OF TABLES
TABLE

.

PAGE

1.

Essential and Possibly Essential
Trace Elements ••..•••.••••••••••••••••

11

2.

Variation in·Trace Element Concentrations
(ppm) of Different Plants From the Same
Site ..•••••••••..••••••.••••••••••••• •

15

3.

Trace Element Concentrations (ppm) in
Different Parts of Pine Trees .........

15

4.

Potential Subsistence Resources of the
Outer Portion of the Nashville Basin

46

5.

Demographic Profile of the Gordon Town
Skeletal Sample •.•....••••••.•••••••••

51

6.

Individuals Selected for Trace Element
Analysis •.•..•.•.•.•.•••••••••••••••••

60

7.

Fauna! Material Selected for Trace
Element Analysis ......................

62

Mean Element Concentrations in Parts Per
Million (ppm) for Grains, Vegetables,
Meats and Nuts .••••.•.••••.•••••••••••

· 65

·a.
9.
10.
11.
12.
13.

Descriptive Statistics For Trace Element
Concentrations (ppm) of the Gordon Town
Human Skeletal Sample ..................

78

Results of Student's T-test For
Differences Between Males and Females
by Bone and Trace Elements ............

83

Results of Student's T-test For
Differences Between Age Groups By Bone
and Trace Element .....................

86

Results of an Analysis of Variance of
Differences Between Individuals From
Different Burial Clusters .............

90

Sununary Table of Analysis of Variance of
Mean Bone Element Concentrations Within
Individuals ..•••••....•••.••••••••••••

92

xi

TABLE

PAGE

14.

Results of Analysis of Variance For
Differences Between Bones .............

94

15.

Range (ppm) and Coefficient of Variation
(C.V.) for Element Concentrations of
the Femora From the Gordon Town Sample
(Inter-individual) and the Femora,
Humeri, Ribs and Vertebrae Within Each
Burial • • • . • . • • • • . • • • • • . • . • • • • • • • • • • • • •

99

Descriptive Statistics for Element
Concentrations (ppm) of the Gordon
Town Site Fauna! Sample .................

103

lA.

Trace Element Concentrations (ppm) of
the Gordon Town Site Human Bone Samples..

138

2A.

Trace Element. Concentrations· (ppm) of
the Gordon Town Site Animal Bone
Samples .. • ... • .. • • .. • .. • • . • • . • • • • • • • • • • •

140

16.

xii

LIST OF FIGURES
FIGURE

PAGE

1.

Myer's 1928 Map of the Gordon Town Site

( 4 ODV6 ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

27

2.

Map of the Gordon Town Site (40DV6)
Showing Location of the Stone Box
Graves and Burial Clusters .............

29

Comparison of Mean Bone Magnesium
Concentrations in Human, Deer, Bear
and Cougar Samples .....................

106

Comparison of Mean Bone· Strontium
Concentrations in Human, Deer, Bear
and Cougar Samples .....................

107

Comparison of Mean Bone Copper
Concentrations in Human, Deer, Bear
and Cougar Samples .....................

108

Comparison of Mean Bone Zinc
Concentrations in Human, Deer, Bear
and Cougar Samples .•••.••••••••••••••••

109

3.
4.
5.
6.

xiii

CHAPTER I.
INTRODUCTION
The chemical analyses of artifactual materials have
contributed greatly to the amount and quality of
information that can be derived from archaeological
sites, features and artifacts.

Chemical analytical

techniques have been used successfully on such diverse
materials as ceramics, coins, glass, textiles, lithics,
metal tools and weapons, soils, ethnobotanical remains,
animal bone and, more recently, human bone.

Such

analyses have been instrumental in the development of
both relative and chronometric dating techniques (e.g.
fluorine and Carbon 14 dating, respectively) and also in
the reconstruction of artifact manufacture technology,
trade routes, growth patterns of major economic centers,
local and regional environmental conditions, and local
floral and faunal resource exploitation (Levey 1967;
Michels 197 3; Wessen et al. 1978; Zurer 198 3).

It is

clear that chemical analyses of artifactual materials
have tremendously increased our understanding of past
human behavior.
The chemical analysis of human skeletal remains is
a more recent application of such techniques.

Two

techniques most often applied to bone are the analyses
of stable isotopes and trace elements.

Isotope analyses

are based on characteristic changes in isotopic ratios
(fractionation) in plants and animals.

Isotopic

differences are initially produced during
photosynthesis, and different biochemical and metabolic
processes in plants and animals change the isotopic
ratios in distinct ways (Brothwell and Burleigh 1978;
Klepinger 1984; Schwarcz et al. 1985; van der Merwe
1982).

Isotopic values within bone collagen have been

correlated with diet and consequently, isotopic analyses
have been used in dietary reconstruction and to identify
the adoption and intensification of maize agriculture in
the New World (Bender et al. 198 1; DeNiro and Epstein
1978a, 1978b, 198 1; van der Merwe et al. 1978, 198 1).
The second technique is based on the measurement of
trace element concentrations in both human and animal
bone.

Trace element analyses and the information that

may be derived from them are the focus of this thesis.
Trace element analyses of human bone have been
applied primarily to questions o( dietary practices and
subsistence behavior.

The first anthropological

application of this technique took place in the mid1960s when Toots and Voorhies (1965) measured strontium
(Sr) concentrations in five different Pliocene
terrestrial vertebrates: one carnivore, two browsing
herbivores, and two grazing herbivores. They observed
significant differences in the Sr concentrations of
2

carnivores and herbivores.

Concentration differences

between herbivorous browsers and grazers were also
significant.

They concluded that different feeding

patterns could be inferred from Sr concentrations of
fossilized bone.
A. B. Brown (1973) was the first scientist to apply
the analysis of trace elements to prehistoric human
skeletal remains.

As did Toots and Voorhies (1965) , she

measured strontium concentrations.

Her study addressed

numerous questions of subsistence behavior within and
between numerous sites.

Bone strontium concentrations

were compared within the Bussinger site - a Middle
Woodland site located in the Michigan Lower Peninsula,
the Farukhabad site in southwestern Iran (5000 B. C. A.D. 200) , and the Huitzo site in the Valley of Oaxaca,
Mexico (1000 B. C - Postclassic period) , and between
three Middle Woodland sites from the lower Illinois
River Valley - Peisker, Ledders, and Gibson.

Results

from the analysis of individuals from these different
sites were used to answer various subsistence-related
questions and highlighted Sr concentration differences
between adults and subadults, males and females, high
and low status individuals, and dietary stability and
change over time.
Since the fir�t applications of trace element
analyses to anthropological questions, researchers have
3

investigated numerous topics pertaining to the dietary
practices and subsistence behavior of various
prehistoric populations.

The results of trace element

analyses have, for example, been used to directly assess
a population's proportional reliance on animal versus
plant food resources, identify the presence and
character of dietary stress, document changes in the
diet and subsistence practices of a population over
time, and pin-point the introduction, cultivation, and
subsequent intensified reliance on specific classes of
cultigens (Brown 1973; Connor and Slaughter 1984;
Gilbert 1977; Huss-Ashmore et al. 1982; Price and
Kavanagh 1982; Wing and Brown 1979).

Social practices

6f differential access to food resources by subgroups
within a population based on social status and/or gender
have also been identified from trace element
concentrations (Blakely and Beck 1981; Brown 1974; Hatch
and Geidel 1985; Schoeninger 1979).

More indirect

applications of trace element analyses have attempted to
ascertain weaning practices and patterns (Sillen and
Smith 1984) and differentiate between the skeletal
remains of wild and domesticated animals (Dinan 1988).
Despite the increase in the type and number of
questions addressed by the application of trace element
analyses on human bone, it is in many ways a technique
still in the experimental stage.
4

Throughout the past 25

years of experimentation a number of methodological
difficulties have been identified. Questions concerning
the effects of such complicating factors on trace
element concentrations, as well as how to control for
them persist.

A majority of anthropologically-oriented

trace element research since 1980 has focused on the
methodological and theoretical constraints of the
technique.

The most serious complicating factors

identified include the effects of diagenesis -

the

postdepositional exchange of elements between soil and
bone (Kyle 1986; Lambert et al. 198 5a, 198 5b; Nelson and
Sauer 1984; Pate and Brown 198 5; Pate and Hutton 1988;
Von Endt and Ortner 1984; White and Hannus 198 3) , the
histomorphological integrity of the archaeological bone
(Hanson and Buikstra 198 7; Hare 1980) , and the
biochemical, physiological, and metabolic processes and
interactions at work within the organism during life
(Grupe 1988; Klepinger et al. 1986; Parker and Toots
1980) .

The progress made in recognizing and controlling

the effects of some of these complicating factors has
been great; however, numerous questions persist and
continue to frustrate researchers.

It is the intent of

this thesis to further investigate the validity and
applicability of trace element analyses to the
reconstruction of paleodiets and subsistence behavior in
humans.
5

Research Goals
The research goals of this thesis are two-fold.
The first goal will address a methodological problem
that has received increased attention since the
initiation of this study: the documentation, measurement
and control of intraindividual variability of trace
element concentrations.

To realize this goal trace

element concentrations will be measured in two to four
different bones in each of 12 individuals.

The degree

of intraindividual variation will be determined and
compared to the variability in element concentrations
between the individuals in the sample.
Klepinger et al. (1986) measured trace element
concentrations in the femur, tibia and humerus within 12
single individuals.

Their results reveal a greater

within individual range of variation in element
concentrations than that between•individuals.

They

tentatively conclude that trace element levels in one
long bone are not interchangeable with those of another.
Therefore, trace element studies that compare element
concentrations between individuals as measured in
different bones may result in inaccurate conclusions
regarding dietary practices.
Grupe (1988) compared trace element concentrations
in trabecular versus compact bone.

She concluded that

the element levels in compact bone are less susceptible
6

to the effects of diagenesis and are more representative
of total body element content.

Consequently, samples of

compact bone are more reliable in trace element
analyses.

The results of this thesis will contribute to

the growing base of knowledge regarding the variability
of trace element concentrations within an individual.
The conclusions reached in this study will be compared
to previous studies that have addressed the issue of
intraindividual element variability.

The results of

this analysis, in conjunction with the results of
related studies, will aid in the selection of the most
reliable bone from which to sample trace elements for
intergroup comparisons.

The choice of which bone to

analyze may have a significant impact on the results of·

any trace element analysis of human bone.

The second research.objective of this thesis is to
complete a trace element analysis on a skeletal sample
from a late Mississippian settlement near Nashville,
Tennessee.

The Gordon Town site (40DV6) is located in

the outer portion of the Nashville Basin, away from the
floodplain of the Cumberland River, the major river
nearest to the site.

Mississippian site location has

been highly correlated with the fertile soils of the
floodplains and a disproportionate reliance on maize
agriculture.

The upland location of Gordon Town allows

one to speculate about the nature of their subsistence
7

practices and economic well-being.

Were the Gordon Town

inhabitants as reliant on maize agriculture as
contemporary villages located on the floodplains?

If

not, was their diet sufficient to maintain a reasonable
level of health and prevent any nutritionally-related
diseases?
It is hypothesized that Mississippian site
locations away from floodplains resulted from population
pressure (Klippel and Bass 1984) and related resource
depletion.

Such environmental and dietary stresses

should be manifested skeletally by evidence of, for
instance, nutritionally-related diseases, growth
retardation, harris lines, enamel hypoplasias and high
mortality rates.

The trace element concentrations

measured in the Gordon Town skeletal sample will suggest
the consumption of a varied or more restricted diet.
Furthermore, the results of this analysis will
contribute to our understanding of late Mississippian
adaptations in an upland environment--an environment
that has previously been thought of as less than ideal
and has been less extensively studied than Mississippian
floodplain sites.

8

CHAPTER II
THEORETICAL CONSIDERATIONS IN TRACE ELEMENT ANALYSES
OF HUMAN BONE
The validity of trace element analyses in human
paleodietary research is based on the fundamental
assumption that varying concentrations of trace elements
in bone reflect the relative amount of those elements
present in the diet (Bumsted 1985; Nelson and Sauer
1984).

Previous research has identified a relationship

between the presence or absence of certain nutrients in
the diet and the incidence of certain nutritional
diseases.

For example, a high correlation between the

incidence of goiter and insufficient amounts of iodine
in the diet has been demonstrated.

This condition is

greatly reduced when the diet is supplemented with
iodine (Hetzel and Maberly 1986).
Research has determined that trace element
concentrations are not fixed in exact quantities
throughout an organism's life.

Bone is a living tissue

and its chemical composition during and after life is
Diet is only one of these.

the result of many factors.

Therefore, an accurate interpretation of the trace
element concentrations. in archaeologically-derived human
bone requires an awareness of the factors that may
modify an organism's trace element concentrations both
9

during and after life.

A basic knowledge of what trace

elements are, their functions, their environmental
sources, and the various environmental, biochemical and
physiological factors that act on them is necessary.

An

exhaustive discussion of each of these factors is
impossible within the scope of this thesis; however, a
brief discussion can sufficiently outline the possible
effects of each source of variation on the trace element
concentrations within hwnan bone.
The Definition and Functions of Trace Elements
Early scientists identified certain elements that
were present in plants and animals in minute amounts.
·The exact concentrations of these elements in particular
organisms were unknown, because analytical techniques at
that time were not able to quantify such small amounts.
As a result, more imprecise terms, including "trace
elements", "minor elements" and "trace minerals" (used
only when the elements in question are naturally
occurring inorganic substances) were used to describe
their concentrations in living organisms.

With the

development of more sophisticated techniques, accurate
measurement of trace element concentrations became
possible.

Trace elements are now quantitatively and

arbitrarily defined as those elements that occur in the
body in amounts less than 0.01 percent of the total
10

human body mass (Schroeder 1973) .

This definition is

not completely accurate, however, since the
concentrations of the minor elements vary between
different organisms, sometimes at amounts greater than
0.01 percent.

Iron is an example of such an el�ment; it

is usually present in humans in an amount greater than
0.01 percent (Schutte 1964) .
Trace elements are divided into three categories:
those essential for normal metabolic functioning, those
possibly essential, and those that are nonessential.
Table 1 presents the trace elements considered both
essential and possibly essential.

-Table 1.

Essential and Possibly Essential Trace
Elements
Essential

Possibly Essential

*Iron
Manganese
Chromium
Zinc
Copper
Cobalt
Molybdenum
Iodine
Selenium
Tin
Nickel
Arsenic
Fluorine

Bromine
Cadmium
Barium
Strontium

* not considered tq be a trace element by many
researchers.
Source: Underwood 1971:2, 1977:1
11

While most trace elements have a variety of
functions, they generally act as catalysts in enzyme
systems (Schutte 1964; Underwood 1977).

Schroeder

(1973:viii) describes the importance of trace elements
metaphorically, "··· they are the basic spark-p�ugs in
the chemistry of life, on which the exchanges of energy
in the combustion of foods and the building of living
tissues depend."

The primary function of each element

is, however, dependent upon both its chemical form and
combination and its location in body tissues and fluids.
Deficiencies and surpluses of trace elements have
numerous and varied effects.

Dwarfism, mental

retardation, hypertension, atherosclerosis, goiter, and
impairment of growth and development are a few such
effects (Schroeder 1973: 50-51).
Sources and Modifying Factors of Trace Element
Concentrations in Humans
Sources.
bone is soil.

The major source of all elements in human
The trace element composition of

different soils is ultimately affected by the make-up of
the underlying parent material and the processes of
weathering and pedogenesis (soil formation) (Jenny 1941;
Kabata-Pendias and Pendias 1984).

Additional factors

that contribute to the.development of different soils
are climate (temperature and precipitation), vegetation
and other soil biota, topography, time, and human
12

activity (i.e. degradation, contamination,
recultivation) (Kabata-Pendias and Pendias 1984: 19-22).
The individual effects of each of these processes on the
overall soil composition are unequal and vary.from place
to place.
An important interactive relationship exists
between soils, plants, and animals.

Plants derive their

nutrients and thus chemical composition from the soil.
Humans and other animals receive a majority of their
nutrients, trace and otherwise, from plants.

The

mineral composition of plants reflects to a great extent
the composition of the soil.

This is not to say,

however, that plants absorb elements indiscriminately
from the soil.

The nutrient uptake by plants is

selective and governed primarily by the genus and
species of the plant (Underwood 1977).

Within each

species of plant physiological factors determine the
eventual distribution and concentrations of trace
elements.

These physiological factors include the

absorption and transportation of trace elements within
the plant, the nutrient needs of enzymatic processes,
the chemical forms and concentrations of each available
element,

deficiency and toxicity states of the plant,

and competition and interaction between the trace
elements.

The overall result of these different

processes is not only great variation in the trace
13

element concentrations of different plant species grown
on the same soil (Table 2) , but also different trace
element concentrations in different organs of a single
plant (Table 3) .
Modifying Factors.

The trace element

concentrations in humans are determined primarily by
their dietary intake of nutrients.

As discussed above,

the nutrient composition of the diet is strongly
influenced by the properties of soils and the plants
that receive their nutrients from the soils.

In

addition to diet, trace element concentrations may be
affected by processes acting within an individual.
Individual variability is primarily due to age, sex, and
metabolic differences.
Within an individual, the trace element
concentrations in bone are a function of the biochemical
actions of the ions present in the elements and their
interaction with the mineral component of bone (Wing and
Brown 1979) .

Human bone is a dynamic system made up of

a mixture of organic and mineral components.

In dry

bone the organic matrix comprises approximately 20-25%
of the bone, inorganic minerals make up the balance.
Ninety percent of the organic matrix is made up of the
protein collagen.

Collagen's main function is to

provide centers for initiating bone calcification.

The

mineral phase of bone is principally composed of calcium
14

Table 2.

Variation in Trace Element Concentrations
(ppm) * of Different Plants From the Same
Site.

Plant

Copper

Grass
Ag:rostis alba
4. 2
Clover
Trifolium Eratense
6. 0
Mosses
Pol�trichum juniEerinu 9. 2
Entodon schreberi
10. 3
Lichens
Parmelia Eh�sodes
5. 0
7. 5
Lobaria EUlmonaria
Edible fungi
Cantharellus cibarius 24. 5
Leccinum scabra
18. 0

Iron

Manganese

Zinc

80. 0

740. 0

59. 0

115. 0

136. 0

99. 0

800. 0
425. 0

176. 0
180. 0

69. 0
77. 0

1100. 0
1450. 0

62. 0
66. 0

78. 0
74. 0

49. 0
44. 0

19. 0
6. 0

150. 0
125. 0

*
parts per million or micrograms per gram of bone
Source: Taken in part from Kabata-Pendias and Pendias
1984: 56.

Table 3.

Trace Element Concentrations (ppm) in
Different Parts of Pine Trees

Plant Organ

Boron

Copper

Iron

Needles
1 year old
Branches
Knots
Bark
Wood
Roots
5 mm diam.

18. 0
6. 0
4. 5
4. 5
0. 1

4. 2
3. 0
1. 2
2. 0
0. 6

150. 0
650. 0
78. 0
100. 0
5. 0

3. 2

1. 2

46. 0

Source:

Manganese
430. 0
430. 0
185. 0
123. 0
61. 0

so.a

Vanadium
0. 6
1. 8
0. 8
2. 8
0. 2
0. 5

Taken in part from Kabata-Pendias and Pendias
1984: 55.
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phosphate (CaP04 ) which is present in the body in both a

crystalline and amorphous form.

The amorphous form is

converted to the crystalline form during bone
calcification .

In adults this crystalline form is

predominantly hydroxyapatite [Ca1o (P04 ) 6 (0H) 2l•.
Hydroxyapatite crystals are composed of calcium,

phosphate, hydroxyl ions, as well as macro and trace
elements (Chaplin 197 1; Ham and Cormack 1979; McLean and
Urist 1968; Weiss 1983) .

Macro elements are those

elements present in bone in amounts greater than 0.01
percent (e .g. magnesium, sodium, sulfur, potassium).
The hydroxyapatite crystals form a lattice with three
zones:

1) the crystal interior; 2) the crystal surface;

and 3) the hydration shell .

These zones all present

�reas for ionic transfer between hydroxyapatite and the
trace and macro elements present in body fluid (Weiss
1983) .
The age of an individual may have an effect on the
concentrations of trace and macro elements absorbed into
bone.

Several researchers have observed differences in

skeletal element concentrations between individuals who
died at different ages (Hodges et al. 1950; Lambert et
al . 1979; Sowden and Stitch 1957).

Lambert et al.

(1979) compared the concentrations of ten elements
between six age categories (range: 0- 50+ years) of
prehistoric human remains.

Age-related differences were
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observed in all instances; however, the patterns of
those differences varied according to the specific
chemical element.

They determined age related effects

were the result of at least three sources: normal
biological development of bone, variations in diet, and
diagenesis.

Hodges et al. (1950) analyzed the strontium

(Sr) .levels of a modern sample of individuals varying in
age at death from fetal (over 10 cm in length) to 7 5
years.

The results indicated lower Sr concentrations in

fetal bones compared to all other age groups.

Sowden

and Stitch (1957) also found significantly lower levels
of strontium in the bones of younger individuals (0- 13
years) than those of an older age (19-74 years).

A

biological explanation is appropriate in the latter two
examples.

Strontium levels are generally lower in

subadults for several reasons.

First, there is a

natural biological discrimination against strontium, in
favor of calcium, by the placenta and mammary glands in
humans and other animals (Shipman et al. 198 5, Sillen
and Kavanagh 1982).

This negative discrimination

results in lower bone strontium levels in infants and
unweaned children.

Secondly, subadults are more

sensitive to short-term dietary fluctuations because of
their increased nutritional needs during growth. And
finally, individuais who die before reaching skeletal
maturity exhibit incomplete bone mineralization.
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This

incomplete miner alization, plus increased sensitivity,
results in variable levels of most elements (Hodges et
al. 1950).
Significant differences in the trace element
concentrations in bone between males and females in the
same population have been reported (Blakely and Beck
1981; Br own 1973; Brown and Blakely 1985; Gilbert 1975;
Lambert et al. 1979).

This variation may be the result

of biological differences between the sexes or as a
result of dissimilar dietary intake.

Biological

differ ences seem to be most notably expressed by
significant divergence in the concentrations of the
alkaline earth metals (e.g. str ontium, barium, calcium).
�s stated above, the placental tissues and the mammary
glands discr iminate against str ontium and other alkaline
ear th metals in favor of calcium (Price et al. 1985;
In a population where males

Sillen and Kavanagh 1982).

and females consume relatively the same foodstuffs this
discr imination will manifest as higher levels of the
alkaline earth metals in females relative to males.
Repr oductive stress may also alter element levels in
females (Martin and Ar melagos 1985). Var iable element
levels between males and females, however , may also be
the result of differential access to certain food
classes in the subsistence regime.

High concentrations

of those elements associated with pr otein-r ich foods
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(e.g. r�d meat) in males coupled with high
concentrations of those elements associated with plant
resources by females has been documented (Blakely and
Beck 198 1; Brown 1973).

An accurate interpretation of

differing concentrations between males and females
requires an awareness of all possible explanations for
such.variability.
Metabolic processes also affect the concentrations
of trace elements.

All elements (trace and macro)

interact and influence each other.

States of specific

elemental deficiencies and toxicities often result from
the presence or absence of certain other elements.

High

levels of zinc, for example, will inhibit copper
absorption (Underwood 1958).

The accurate

interpretation of element levels in bone must take
possible interaction between elements into
consideration.

Disease states may also alter trace

mineral concentrations in bone (Beck 198 5; Martin and
Armelagos 198 5).

Researchers suggest that

nonpathological specimens be analyzed and that bone
specimens be microscopically analyzed to highlight
individuals that may exhibit

histological anomalies or

instability (Hanson an� Buikstra 1987; Martin and
Armelagos 198 5).
Diagenesis.

The modifying factors discussed above

act on the element composition of bone during life.
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The

element concentrations of archaeological bone are
subject to an additional alteration through diagenesis.
Diagenesis effectively modifies the antemortem trace
element concentrations through substance exchange
between bone and the burial environment (Nelson.and
Sauer 1984; Parker and Toots 1980).

The identification

and control of the sources of diagenesis are essential
to the successful application of trace element analyses
to paleodietary questions.
The majority of research involving trace element
analyses on bone during the last decade has addressed
the effects, causes, and processes of diagenesis (Hanson
and Buikstra 1987; Hare 1980; Kyle 1986; Lambert et al.
�979, 1982, 1983, 1984, 1985a, 1985b; Nelson and Sauer
1984; Parker and Toots 1980; Pate and Hutton 1988; Von
Endt and Ortner 1984; White and Hannus 1983 ).

These

studies have been instrumental in identifying a number
of intrinsic and extrinsic variables that have varying
effects on the susceptibility to and rate of diagenesis.
Post-mortem alteration may occur through enrichment
and/or depletion of an element (Price et al. 1985).
Following death there are three mechanisms of elemental
enrichment of bone: (1) substitution into the apatite
crystal structure (heteroionic exchange); (2) deposition
into the minute voids and fractures in the bone; and (3 )
the assimilation of foreign elements onto the crystal
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surfaces (adsorption) (Lambert et al. 198 5b; Parker and
Toots 1980; Wing and Brown 1979).
Si.2-e, permeability, and histological strength are
three intrinsic factors that influence the
susceptibility of bone to diagenesis.

Researchers have

determined that smaller, more porous bone is more likely
to suffer the effects of diagenesis than larger more
compact bone (Grupe 1988; Kyle 1986; Lambert et al.
1982).

Lambert et al. (1982) studied the diagenetic

effects on femora and ribs from two Woodland sites in
Illinois.

Their results demonstrate extensive

diagenesis in the more porous ribs as compared to the
denser femora.

Similarly, bones that possess a poor

nistological framework (i.e. a weakened protein-mineral
bond) from poor mineralization, deficient nutrient
intake, or a destructive burial environment are also
more susceptible to diagenesis (Hanson and Buikstra
1987; Hare 1980; Von Endt and Ortner 1984).
Extrinsic factors affecting diagenesis involve
characteristics of the,burial environment.

Certain

environmental conditions foster the macro- and
microstructural breakdown of bone and thus facilitate
diagenesis.

Soil pH, temperature, groundwater, and the

presence of soil microorganisms have all been implicated
in bone deterioration and subsequent diagenesis (Hanson
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and Buikstra 1987; Lambert et al. 1979, 1982, 1983,
1984, 1985a, 1985b).
A number of researchers have explored the specific
relationship between bone preservation and soil pH
(Gordon and Buikstra 198 1; Hare 1980; Pate and Hutton
1988; White and Hannus 1983).

Results of these studies

generally agree that postdepositional bone deterioration
is accelerated as soils becomes more acidic (i. e. pH<
7.0).

Bone deterioration may be gauged microscopically

by the integrity and strength of the protein-mineral
(organic-inorganic) bond.

A weakening of the crystal

structure results in a greater number of voids and
vacated lattice positions for foreign ions.
A more recent study by Hanson and Buikstra (1987)
suggests that more alkaline soils (pH> 7�0) may also
accelerate the microscopic breakdown of bone.

According

to their researc�, the activity of soil microorganisms
are responsible for significant destruction of the
histological structure of bone and result in extensive
diagenesis.

Soil microorganisms are more abundant in

neutral to slightly alkaline soils.

They stress,

however, that the "success" of a microorganismic
invasion of bone is dependent on the physical and
chemical characteristics of the bone as well as the
burial environment.
22

Temperature and contact with percolating
groundwater also effect the rate and extent of
diagenesis.

Higher temperatures increase the rate of

chemical change (Von Endt and Ortner 1984).

Increased

exposure to groundwater facilitates bone disintegration
and the introduction of foreign elements into the bone
matrix (Hare 1980; Pate and Hutton 1988).
The postdepositional alteration of element
concentrations is additionally dependent on the
stability and chemical behavior of the elements
themselves (Lambert et al. 1979, 1982, 198 3, 1984,
198 5a).

Certain elements have been proven more

susceptible to depletion and transfer than others.

From

the small number of elements studied by most
researchers, both strontium and zinc are the most stable
elements postdepositionally and thus the most resistent
to diagenesis (Gilbert 1975; Lambert et al. 1985a,
198 5b; Nelson and Sauer 1984).

Magnesium, lead, and

copper have given mixed results (Gilbert 1975; Lambert
et al. 198 5a, 198 5b; Parker and Toots 1980).

Elements

that appear to be most susceptible to diagenesis are
chlorine, potassium, and manganese (Lambert et al.
198 5a, 198 5b; Parker and Toots 1980).

Nelson and Sauer

(1984), however, observed manganese to be relatively
stable in alkaline .soils.
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Sununary
The discussion above highlights the primary ways
element concentrations in human bone are determined.
The main point is that the element concentrations of an
individual during life are a function of many factors
but are primarily determined by the local physical
environment, diet and physiological/metabolic
mechanisms.

Element levels in archaeological bone are a

function of the same factors plus the effects of
diagenesis.
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CHAPTER III
ARCHAEOLOGICAL AND ENVIRONMENTAL SETTING OF THE GORDON
TOWN SITE (40DV6)
Site Location and Excavation History
The Gordon Town site (40DV6) is located in Davidson
County one mile northeast of the town of Brentwood
within the present-day city limits of Nashville,
Tennessee.

Prior to the 1920s the site was known as

"Brentwood" and was cursorily described on by Joseph
Jones (1876:37-38) and Frederic W. Putnam (1883a:526529, 1883b:292).

Jones (1876:37) explored a small mound

and noted "the remains of an aboriginal earthwork ...
surrounding the site of an extensive encampment and
several mounds."

Putnam (1883a:527) excavated 80 stone

box graves and removed "forty skulls and many
skeletons."

In the late 1800s, General G. P. Thruston

partially excavated a mound at the site (results
unpublished).

In 1920 the presence of the actual

village was "rediscovered"

and subsequently christened

the Gordon Town site by William E. Myer during
explorations in the Cumberland River Valley around
Nashville for the Bureau of American Ethnology (Myer
1928:493).

The site has been referred to as "Gordon

Town" or "Gordontown" in recent literature (Dowd 1986a,
1986b, 1987; Eisenberg 1987; Thurston 1987).
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Myer ' s extens ive excavation took place in 1 9 2 0
under the sponsorship o f the Smithsonian Insti tution .
He excavated and mapped 8 7 structures , two mounds , a
maj or cemetery area and a more loosely defined area of
scattered graves ( Myer 1 9 2 8 ) .

From hi s . inves tigations ,

Myer determined the presence of a palisade wall
" equipped with semi -circular towers about every 5 5
feet " , a leve l open town square in the center of the
s ite , and surrounding structures and mounds ( Myer
1 9 28 : 49 5 ) .

The total area encompassed by the site was

approximately 1 1 . 2 acres .

Limited funding restricted

the excavation to seven house circles , two mounds and
one temple bui lding .

Twenty bur ials were a lso excavated

by Myer at this time and are now housed at the
Smithsonian Inst itution .

These remains are current ly

undergoing analys is ( Eisenberg , personal communication
1 9 8 8 ) and were not included in this study .
According to Myer ' s map the main cemetery is
located on a knoll at the northeast corner of the site
and the area des ignated as " scattered graves " in the
southeast portion of the site .

Two natural springs are

located near the vi llage , one on the northern perimeter

and the other to the southwest of the site ( Figure 1 )
( Jones 1 8 7 6 : 3 7 ; Myer 1 9 2 8 : 4 9 6 ; Putnam 1 8 8 3 a : 5 2 6 ) .

The

Brentwood Branch , _a spring- fed s tream , borders the
western and northern boundaries .
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Myer hypothes i zed that
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Figure 1 .

Myer ' s 1 9 2 8 Map of the Gordon Town Site
( 4 0DV6 ) .

Source :

W . E . Myer , Two Prehistoric Indian Vi llages in
Middle Tennessee . U . S . Bureau of American
Ethnology , 4 1 st Annual Report , 1 9 1 9 - 1 9 2 4 , p .
4 9 4a .
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the location of Gordon Town was most likely due to its
proximity to the two springs, the fertility of the soil,
and the adaptability of the site to fortification ( Myer
1928:496).
In the summer of 1966, a group from Vanderbilt
University under the direction of Ron Spores, excavated
three of Myer ' s "house circles".
no archaeological remains.

Two of these yielded

The third house circle

yielded material characteristic of a trash pit
( Tennessee State Site File, recorded by J. Dowd, 1972).
The results of the 1966 excavation question the accuracy
of Myers ' identification and designation of observable
land depres sions as "house circles".
In 1985 Gordon Town once again caught the attention
of archaeologists.

During housing construction

activities on what is now known as Lake Hemingwood
Estates, a large concentration of graves was discovered.
With the cooperation of the developer, Edsel Charles,
the newly discovered "cemetery" ( ironically located on
Mr . Charles ' own lot ) was left in situ and set aside as
a "park" or gras sy area.

The areas Myer had designated

"cemetery" and "scattered graves" were also set aside
and left undisturbed.

Not surprisingly, additional

graves were located outside of these designate¢ areas in
and along the road cuts and within the boundaries of the
first four house lots ( Figure 2).
28

With Mr. Charles '
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Figure 2.

Map of the Gordon Town Site (40DV6 ) Showing
Location. of the Stone Box Graves and Burial
Clusters.
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continued cooperation these burials were excavated by
several archaeo logists under the auspices of the
Tenne ssee Divi sion of Archaeology .

The ske letal remains

are currently undergoing analys i s at the University of
Tennessee - Knoxvi l le ( Eisenberg 1 9 8 7 , 1 9 8 8 ; Liston
1 9 87 ; Myster in preparation ; Thurston 1 9 8 7 ) .
The salvage excavation of the Gordon Town site took
place during the fall of 1 9 8 5 and spring- summer 1 9 8 6 .
In addition to 9 3 human burials , the excavations
identi f ied additiona l house structures and nonburial
features ( inc luding additional sections of the
palisade ) , as we l l as collected artif actual material
( Dowd 1 9 8 6a , 1 9 8 7 ) .
Radiocarbon dates were obtained from two samples
taken from Feature 23 ( Structure I ) and Feature 2 5
( Structure I I I ) .

The two date s f rom these samples , 1 3 1 0

AD and 1 4 3 0 AD , correspond to the locally-defined Middle
Cumberland Culture ( Dowd 1 9 87 ) , of the Late
Mis sissippian period ( 1 2 0 0 - 1 5 0 0 AD ) .
The Mi s s i ssippian Period
The Mi ssiss ippian period deve loped around 7 0 0 - 9 0 0
AD along the central port ion o f the Mis s i s s ippi River .
From this area Mi ssiss ippian culture s spread south along
the maj or river systems to virtually all areas of the
Southeas tern Uni ted States ( Hudson 1 9 7 6 ) .
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These

cultures were fully developed by 1 0 0 0 AD and lasted
through the 1 6 th century ( Smi th 1 9 7 8b , 1 9 8 6 ; Snow 1 9 7 6 ;
Spencer and Jennings 1 9 6 5 ) .

The Mi s s i s s ippi an

represents the f inal and mos t complex prehis toric period
in the Southeas t .
The Mi s s i s s ippian period has been extensive ly and
Smith

vigorous ly investigated by archaeologi sts .

( 1 9 8 6 : 5 7 ) in his review of Southeastern archaeology
states that the period of A . D . 9 5 0 to A . D . 1 4 5 0 i s " in
terms of excavated sites and published reports , the best
documented and mos t detai led portion of the
archaeological record of the Southeast [ United States ] . "
A maj or i ty of these excavated Mi s s i s s ippian s i tes have
been located on or adj acent to the f loodplains of maj or
river systems .

The reconstruction of Mi s s i s s ippi an

lifeways based on these f loodplain locations emphas i zes
certain characteri stics commonly as sociated wi th late
prehi s toric settlements in the Southeast .

Culture

traits that have traditiona l ly "defined" Mi s s i s sippian
groups include pyramidal platform mounds , rectangular
house structures , shell- tempered ceramics , pal l i s aded
vi llages , densely populated settlements , a
hierarchica l ly ranked social organi zation and most
importantly for thi s study , primary vi llage s i te
location along lowland f loodplains and r iver valleys
wi th an as soci ated dependence on mai ze horticulture
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( Green and Munson 1 97 8 ; Gri f fin 1 9 6 7 ; Hudson 1 9 7 6 ;
Peebles and Kus 1 9 7 7 ; Smith 1 9 7 8b , 1 9 8 6 ; Snow 1 9 7 6 ;
Spencer and Jennings 1 9 6 5 ; Wi lley and Phi llips 1 9 5 8 ) .
Ward ( 1 9 6 5 ) and others have documented an apparent
association between sandy loam and silt loam soi ls with
the location of mai ze-dependent Mis s i s s ippian s ites .
These soi ls are found mostly in riverine environments
and are we l l - sui ted to mai ze cultivation .

Prehi storic

farming techniques were eas i ly able to work the soi l .
Furthermore , periodic and annual f looding provided
constant replenishment of depleted soil nutrient s .
( Mai ze is a nutrient-demanding crop and can deplete the
nutrient base of soi l within a few years ) .

The

conditions . and locations of the se soi l s thus off ered the
potential for high crop yield ( Larson 1 9 7 2 ) .
The apparent relationship between a l luvia l soils
and Mi s si s sippian site location , as wel l as a belief in
the primary and ubiquitous dependence on mai z e
horticulture by late prehistoric populations , resulted
in the continued focus of Mis s is s ippian research on
f loodplain locat ions through the 1 9 7 0 s .
During the last decade , however , a number of
nonf loodplain upland s i te s have been excavated and
interpreted ( Butler 1 9 8 1 ; Kline and Crites 1 97 9 ; Klippe l
and Reed 1 9 8 4 ; Smi.th 1 9 7 8a ) .

The location and

occupation of these " aberrant" sites challenged the
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traditional assumptions of Mis s i s sippian s ite- soi l
( al luvial ) association and the concomitant dependence on
mai ze horticulture ( Butler 1 9 8 1 ; Eisenberg 1 9 8 6 ; Harn
1 9 7 8 ; Klein and Crites 1 9 7 9 ; Klippel and Bass 1 9 8 4 ) .

A

number of Mi ssiss ippian s i tes in Tennes see , for example ,
have been located on nona lluvial soi ls ( Butler 1 9 8 1 ;
Klippel and Reed 1 9 8 4 ) .

Furthermore , botanica l remains

recovered from the Ducks Nest site ( 4 0WR4 ) in Warren
County , Tennes see show greater quantities of some
species of nuts and nondomesticated plants ( e . g . hickory
nut , knotweed , goosefoot and maygrass ) than maize ( Kline
and Crites 1 9 7 9 ) .

I t i s recognized that both natural

and cultural proce sses af fect the recovery of
ethnobotanical remains ; however , the recovered plant
taxa do suggest qualitative insights into the role of
plants in overall subsistence systems ( Kline and Crites
1 9 7 9 ; Miksicek 1 9 8 7 ; Munson et al . 1 9 7 1 ; Schi f fer 1 9 7 6 ,
1987 ) .
Averbuch ( 4 0DV6 0 ) , an upland Late Mis s i s sippian
s ite in central Tennessee , a lso contradicts the
wide spread be lief that late prehi s toric populations were
primarily dependent on mai ze agriculture ( Klippe l and
Bas s 1 9 8 4 ) .

Excavations at Averbuch recovered a great

variety of f aunal and f loral remains .

Both wild and

domest icated plant foods ( including mai ze ) were
ident i f ied ( Cr ites 1 9 8 4 ) , as were a great variety of
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vertebrate and invertebrate fauna ( Romanoski 1 9 8 4 a ,
1 9 8 4b ) .

Whi le it i s clear the Averbuch inhabitants were

mai ze horticultural i sts , domesticates were only one
component of the food resources uti l i z ed .

Other s i tes ,

such as Gypsy Joint ( Smith 1 9 7 8 a ) and the Duck ' s Nes t
Site ( Kline and Crites 1 9 7 9 ) are also indicative of
thi s .

Furthermore Sel lars ( 4 0Wl - 1 ) , anothe r Late

Mis s i s s ippian settlement in Tennessee , was located in a
cedar glade biotic conununity , an environment quite
unsui ted to mai ze horticulture ( Butler 1 9 8 1 ) .
�.ccompanying the assumption of mai ze-dominated
Mi s s i s s ippian subsistence regimes i s the hypothes i s that
the increased dependence on mai z e agriculture led to a
decrease in the exploi tation of a variety of local ly
avai lable fauna! resources ( Cleland 1 9 7 6 ) .

Robison

( 1 9 8 2 : 6 2 ) , however , rej ects this idea and contends that
" the adoption of mai ze agriculture by eastern North
American groups caused no maj or selection changes in the
overall types of animal species exploited . "

The

exploitation of animal s with high meat yield ( e . g . deer )
does not appear to have signi f icant ly decreased since
the Middle Archaic period .

Robi son shows that the

hunting of small game animals as supplemental meat
sources does not appear to have dimini shed .

Whi te 

tai led deer , wild �urkey , migratory and permanent water
fowl , fi sh and bivalves formed an important component of
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the subsistence system of Mississippian peoples (Fogarty
1984 ; Hudson 1976 ; Robison 1982 ; Romanoski 1984a, 1984b ;
Smith 1974, 1975, 1978a, 1978b).
The Middle Cumberland Culture
The Gordon Town site, by virtue of its location and
date of occupat�on ( Carbon 14 dates of 1310 AD and 1430
AD), belongs to the Middle Cumberland Culture, a local
variant of the regionally defined Mississippian period
(Ferguson 1972).

The area most intensively occupied by

the Middle Cumberland peoples lies in Middle Tennessee,
" between the confluence of the Caney Fork River and the
Cumberland on the east, and the j unction of the
Cumberland and Ohio Rivers on the west " ( Ferguson
1972:3).
The Middle Cumberland Culture was fully developed
by A . O. 1200 and lasted into the 1600s.

Sometime prior

to the eighteenth century as pioneers were first
beginning to settle in Tennessee, the Middle Cumberland
people had virtually vanished from the area .

Pioneers

of the Nashville area in the mid-1700s did, however,
observe the remains of their presence ( Haywood 1823:108109, cited in Ferguson 1972:4):
This country as far as to the Elk
River and beyond it , had not a single
permanent inhabitant except the wild
beasts of the forest, but it had been
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inhabited many centuries before by a
numerous population . At every lasting
spring is a large col lec tion of graves ,
. . • At many springs is the appearance
of walls inc losing anc ient habi tations ,
the f oundations of which were vis ible
whenever the earth was c leared and
cultivated , • • . These walls sometime s
inc lose s ix , eight , or ten acres of land ;
and sometimes they are more extens ive .
Judging f rom the number and frequency of
these appearances , it cannot be estimated
but that the former inhabitants were ten
times , if not twenty times , more numerous
than those who at present occupy the
country .
As a result of the ir disappearance pr ior to
hi storic occupation of the area , the record of the
Middle Cumberland Culture i s strictly archaeological .
Most of what is known about the Middle Cumber land
Culture has been derived from mortuary analyses .

The

systematic and extensive excavation of the Averbuch site
( 4 0DV6 0 ) in 1 9 8 4 , however , has contributed a wealth of
information on previously unreported aspects of Middle
Cumber land adaptations ( Klippel and Bass 1 9 8 4 ) .

The

unequivocal hallmark of the Middle Cumberland peoples is
the limestone lined graves that are distributed
throughout the Middle Cumberland region , centered around
Nashvi lle .

The se " stone box" graves , however , have been

found out side of this region as we ll .

They have been

reported elsewhere in the Southeast and in the Midwest
( e . g . Ohio , Indian� , I llinois ) ( Brown 1 9 8 1 ; Jones 1 8 7 6 ;
Putnam 1 8 8 3 a , 1 8 8 3b ; Thruston 1 8 9 0 ) .
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Stone box graves were primarily constructed of
limestone slabs which were set on end in the shape of a
The floors of

rectangle and covered with a capstone (s) .

these " boxes " were either left bare or lined with
crushed ceramic ves sels or mussel shell .

A maj ority of

these stone box graves held only one extended
individual .

In many instances, however, two or more

individuals were interred in the same box, with the
bones of the earlier burial pushed to one end and the
most recent occupant laid out in an extended position
(Brown 19 81; Dowd 198 Gb; Putnam 18 83a, 18 83b) .

Of the

85 stone box graves excavated at Gordon Town in 19 85-86,
75 were single extended burials and ten were multiple
burials .
Stone box graves are generally found in clusters
and/or cemeteries; however, sparsely scattered graves,
as well as individual graves found under the floor s in
house structures, have been reported .

It has not been

determined if burial location at Gordon Town reflects
status , age or any other social or physical
characteristic .

In a comprehensive study on Moundville

Phase settlement s i ze and location, Peebles (1 978 )
identified decreasing evidence for ascribed and/or
achieved status dif ferentiation as the distance away
from the maj or cer�monial center increased .

According

to Peebles (1 978) categories, Gordon Town could be
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clas s i fied as a minor ceremonial center .

Evidence for a

ranked social organization was not observed at Averbuch
( Klippel and Bas s 1 9 8 4 ) .
within �he graves .

Artifacts are sometimes placed

At Gordon Town 3 0 ( 3 5% ) of the 8 5

stone box graves contained burial accoutrements .
Di stinctive grave goods associated with Middle
Cumber land burials inc lude hunch-backed or blank faced
eff igy water bottles , f i l leted rim
bowls and strap-handled pottery ( Boyd 1 9 8 4 ) .
Environmental Setting
Gordon Town is an upland vi l lage site adj acent to
the Cumberland River Valley .

I t is situated in the

outer portion of the Nashvi l le Bas in at 3 6 ° 2 ' 4 2 '' North
latitude and 8 6 0 4 6 ' 3 " West longitude .

The Nashville

Basin i s an elliptical physiographic feature in the
Interior Low Plateau province of Eastern North America
( Fenneman 1 9 3 8 ) .

It is located almost entirely within

the state of Tennessee and encircled complete ly by the
Highland Rim .

The Nashvi l le Basin encompas ses an area

of about 5 9 0 0 square mi les and has been divided into an
inner and outer portion ; the geology , topography , soi ls ,
f lora , and f auna di f fer between the two portions .

The

Outer Basin , in contrast to the I nner Bas in , is "deeply
di ssected and consis ts of steep s lopes between narrow
rolling ridgetops and narrow valley f loors " ( Edwards et
38

al . 1 9 7 4 : 2 ) .

The average elevation of the outer portion

i s 7 5 0 feet above sea level .

The topography of the

Inner Basin is les s hi lly and dis sected with an average
e levation of 6 0 0 feet ( Edwards et al . 1 9 7 4 ; Mi ller
1 97 4 )
The Outer Nashvi lle Basin is almost completely
underlain by phosphatic limes tones .

Due to the

underlying subs trate a maj ority of the soi ls of the
outer portion are moderate to high in phosphorus .

The

phosphorus content af fects the natural fertility of the
soi ls and those in the Outer Basin are quite productive
agriculturally ( Edwards et al . 1 9 7 4 : 2 ; Klippe l and Bass
198 4 : I . 2 . 2 ) .

Rice ( 1 9 6 5 : 5 0 ) , in f act , describes the

Nashvi lle Bas in soi ls " as the mos t fert i le soi ls of
Tennes see . "
A maj ority of the soils that comprise the Gordon
Town s ite are f rom the Maury series . A soi l type from
the Stiversvi l le series i s present in two small areas
along the northern and eastern perimeter of the site
( North 1 9 8 1 ) .

Maury si lt loam , two to seven percent

s lope , is a we l l -drained soil that " formed in residuum
of phosphatic limestone '' ( North 1 9 8 1 : 5 4 ) .

This soil and

the others of the Maury series are located on the
uplands of the Outer Basin and is medium acidic in
reaction .

The phosphorus content of the soi l ·1s medium

to high and the farming potential of thi s soi l serie s i s
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also high (North 1981:1 9 ; Edwards et al . 1974:44) .
North (1981:19 ) states that "this Maury soil is one of
the most productive soils on the uplands in Davidson
County" (my emphasis ) .

Stiversville soils are also

well-drained , loamy and underlain by phosphatic
limestone (Edwards et al . 1974:5 ; North 1981:25) .

The

Stiversville soil associated with Gordon Town
(Stiversville loam , three to 12 percent slope) is medium
to very high in phosphates and medium acidic in
reaction.

The potential for farming is "medium for row

crops and high for small grains" (North 1981:25 ) .
The soils that underlie the Gordon Town site and
surrounding areas were , and are , rich and fertile .

The

capability of this area to support maize agriculture as
well as various other kinds and amounts of vegetation is
excellent .

North (1981) rates the potential of the

different soil types for providing habitat and
Si�pporting various kinds of wildlife .

The relevant

Maury soil is rated "good" as a potential habitat for
grain and seed crops (domestic grains and seed-producing
herbaceous plants ; e . g . corn ) , grasses and legumes
(domestic perennial gras ses and herbaceous legumes ; e . g .
clover , beggerweed , ryegrass ) , wild herbaceous plants
(native or naturally established gras ses and forms ,
including weeds ; e . g . wild bean , pokeberry , cheatgrass ) ,
hardwood trees (produce nuts or other fruit , buds ,
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catkins , twigs , bark , and foliage ; e . g . oaks , hickory ,
maple ) , coni ferous plants ( furni sh browse , seeds , and
cones ; e . g . pines , cedar ) , openland wi ldl i fe ( e . g .
cottontai l , red fox , bobwhite quai l ) , and woodland
wi ldlife ( e . g . squirrels , raccoon , deer ) .

The relevant

Stiversvi l le soi l is also highly rated for the same
classes of wi ldlife as the Maury soi l ; a ' fair ' rat ing
for grain and seed crops is the only di fference ( North
1981 : 88-89 ) .

A rating of ' good ' " indicates that the

element or kind of habi tat is eas i ly es tabli shed ,
improved or maintained . . • •

A rating of ' f air '

indicates that the element or kind of habi tat can be
es tabli shed , improved or maintained in most places "
( North 1 9 8 1 : 3 3 ) .
Until the late 1 9 7 0 s a number of researchers
believed that Mi ssiss ippi an sites located away from
f loodplains were primari ly smal l hamlets and farms teads
( Smith 1 9 7 8 a ) .

Large settlements located on f loodplains

and river terraces were believed to repre sent the
optimum choice for meeting subs i stence needs ( Green and

Munson 1 9 7 8 ) .

Evidence for thi s assumption was seen in

the ubiquitous location of the large ceremonial centers
and "minor " civic center s along maj or rivers and
streams .

As stated earlier , however , a number of larger

Mi s s i s s ippian vi llage s i tes have now been located in
areas outside of the fertile al luvial f loodplains , in a
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variety of physiographic zones.

These areas appear to

be quite diverse and rich in floral and fauna! resources
(Butler 1981 ; Jolley 1983 ; Klippel and Bass 1984).

One

explanation that has been proposed for the upland
locations of these sites is increased population
pressure during the Late Mississippian period (Klippel
and Bass 1984).

In the Nashville Basin , these sites

were nonrandomly situated on soils high in phosphates
(Klippel and Reed 1984).

Soils high in phosphates are

naturally fertile and are capable of sustaining a vast
and varied resource base and thus capable of sustaining
a large population.
Due to financial and time restrictions, a
systematic excavation of Gordon Town during 1985-86 was
not possible.

The primary obj ective was to remove the

stone box burials that had been disturbed, or were in
danger of being disturbed, during housing construction
activities.

Although a number of nonburial features and

sections of the palisade were also excavated, little
evidence of subsistence was systematically collected.
Several medium-si zed boxes of faunal material were
collected and will be analyzed in the near future.

A

cursory investigation of the faunal remains collected
noted a high percentage of white -tailed deer.

Other

animals represente9 ·include, but are not limited to,
bear, turkey, rabbit, skunk, turtle, and cougar (not in
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order of frequency ) .

Little in the way· of f loral

material was col lected . Burial 3 0 , however , contained
evidence of burnt mai ze (Stripling , personal
communication 1 9 8 8 ) .
The f auna! material recovered at Gordon Town in 1 9 2 0
by Myer was analyzed by Mr . G .

s . Mi ller , Curator ,

Divi sion of Mammals , United States Museum (Myer 1 9 2 8 ) .
He determined that 8 5 % of the faunal material recovered
was from the "Vi rgini a" deer , 1 0 % from the wild turkey ,
the remaining 5 % cons is ted of other animals such as box
turt le , snapping turtle , black bear , raccoon , skunk ,
gray fox , squi rrel , cottontai l rabbit , small birds , and
f i sh .

One fresh-water drum , two f resh-water sucker s ,

one unidenti fied f i sh and a few mussel and periwinkle
shells were also recovered (Myer 1 9 2 8 : 6 07 ) .

In House

Ci rcle No . 79 and in Grave P possible evidence of mai z e
was noted (Myer 1 9 2 8 : 5 4 0 - 5 4 1 ) .

It is intere sting to

note , however , that Myer was unable to determine
"whether any trace of a cleared spot , indicating
cultivated fields be longing to this town , was in
evidence" (Myer 1 9 2 8 : 4 97 ) .
Attainment of the goals of this thesis require
further ins ight into the subs is tence practices of the
Gordon Town inhabi tants .

Since there i s little

empirical evidence . of dietary practices at this point ,
inferences regarding subs istence wi ll be made based on
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indirect evidence f rom predicted prehistoric resource
availability .

This availability is reconstructed from

both the geographic location of the site itself and a
preliminary paleopathological analysis of the skeletal
sample (Eisenberg 1987, 1988) .
As previously stated, Gordon Town is located in the
outer portion of the Nashville Basin, between the
Highland Rim and the Inner Basin .

The location of

Gordon Town in this area suggests the inhabitants had
access to a wide variety of exploitable resourc�s
(Larson 1972) .

The Nashville Basin supported, and

continues to support in the undeveloped and uncultivated
areas, diver sified deciduous forests (Braun 1950) .

The

presence of these forests qualify the Basin for
inclusion in the Carolinian Biotic province (Dice
1943:16-17) and Braun (1974) characterizes the
vegetation as Western Mesophytic .

A diverse and

plentiful supply of faunal species are present and
maintained in this area .
The vegetation of the Outer Basin is difficult to
characterize because much of the land has been cleared
for agricultural use .

Early historic accounts, however,

attest to the availability of a wide range of fauna! and
floral resources that must have been procurable in
prehistoric times j Fogarty 1984) .

Potential �ubsistence

resources available to prehistoric inhabitants of the
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Nashville Basin have been summarized by Fogarty (1984)
and Romanoski (1984b).

See Table 4 for a detailed

enumeration of these resources.

Clearly the natural

fertility of the outer portion of the Nashville Basin
does not exclude the possibility that the Gordon Town
inhabitants practiced maize horticulture.

In fact, the

medium to high phosphate levels of the soils suggest
that "prehistoric horticulture could have been
productive in those areas" (Klippel and Reed
1984 : I.14.3).

The question is what proportion of their

diet consisted of maize.
It is unlikely that the Gordon Town inhabitants
were primarily relying on maize horticulture.

As

previously mentioned, little evidence of maize was
recovered from any of the excavations of Gordon Town.
Myer (1928) recovered some remains of maize but could
not find any evidence of cultivated fields.
Furthermore, a preliminary analysis of the
paleopathologies present in the Gordon Town sample did
not report any gross nutritional deficiencies that would
suggest an overreliance on maize (Eisenberg 1987, 1988 ) .
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Table 4.

Potential Subsistence Resources of the Outer
Portion of the Nashville Basin

Type

Description

Flora

Arboreal

Herbaceous
( as greens )

Common name
White Oak
Southern Red Oak
Northern Red Oak
Black Oak
Scarlet Oak
Shagbarck Hickory
Red Maple
Sugar Maple
Yellow Poplar
White Basswood
American Chestnut
American Beech
Hackberry
Black Walnut
American Elm
Dogwood
White Elm
Winged Elm
Red Oak
Ash
Red Bud
Bur Oak
Black Locust
Choke-cherry
Spicebush
Mulberry
Dwarf Sumac
Southern Black -haw
Black Willow
Sycamore
Silver Maple
Green Ash
Basswood
Pignut
Weak Nettle
Goose Grass
Small Cane
Spanish Needle
Chickweed
Pale Dock
Common Plantain
White Heath Aster
Lambs Quarters
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Table 4 ( Continued )
Type

Description

Common name

( as f lour )

Pale Dock
Water Smartweed
Wire Grass
White Vervain
Swamp Sunf lower

Herbaceous
( roots and
tubers )

Frank ' s Sedge
Lancaster Sedge
Common Evening Primrose
Jerusalem Artichoke
Wild Carrot
Bess
Red Clover
Sunf lower
Ragweed

( mi sc . )

Fauna

Mammals

Elk
Mountain Lion
Black Bear
Grey Wolf
Fi sher
Eastern Cottontail
Oppos sum
Red Fox
Raccoon
Beaver
Woodchuck
White - tai led Deer
Eastern Fox Squirrel
Southern Flying Squirre l
Eas tern Chipmunk
Spotted Skunk
River Otter
Long-tai led Weasel
S�riped Skunk

Birds

Turkey
Pas senger Pigeon
Canadian Goose
Snow Goose
Great Horned Owl
Barred OWl
Screech Owl
Pied-bi lled Grebe
Little Blue Heron
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Table 4 ( Continued )
Type

Description

Common Name
Eastern Green Heron
Bob-white
Eastern Ruf f led Grouse
Marsh Hawk
Sparrow Hawk
Red Shouldered Hawk
Red- tai led Hawk
Mallard

Fish

Sturgeon
Gar
Mooneye
Shad
Sucker
Minnows
Catf ish
Pike
Ee ls
Blind Cave Fish
Bass
Perch
Drum

Repti les

He l lbender
Eastern Newt
Marbled Salamande r
Spotted Salamander
Smal l -mouthed Salamander
Dusky Salamander
Two-l ined Salamander
Long- tai led Salamander
Cave Salamander
Mud Salamander
Red Salamander
Mudpuppy

Frogs

Bull Frog
Green Frog
Pickerel Frog
Toad
Spring Peeper Toad
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Table 4 ( Continued )
Type

Source s :

Description

Common Name

Tur tles

Snapper
Mud
Stinkpot
Painted
Map
Eastern Box
Smooth Sof tshell
Spring Softshell

Lizards

Eas tern Fence
S lender Glass
Fire - lined Skink
Southeas tern f ive - lined Skink
Broadheaded Skink
Ground Skink

Snakes

Worm
Scar let
Racer
Brown
Garter
Copperhead
Timber Rattler

Mus se ls ( taxa )

Act inonaias carinata
Andonta gradis
Pleurobema clava
Quadrula guadrule
Dysnomia arcae formi s
Lamps i l is ovata
Medionidus conradicus
Carunculina parva
Vi llosa trabi lis
Pegias fabula
Strophitus undulatus
Leptodea f ragi l i s
Quadrula nodulata
P leurobema cordatum coccineum

Behler 1 9 7 9 ; Bul l and Ferrand , Jr . 1 9 77 ; Burt
and Gros senheider 1 9 7 6 ; Frick 1 9 3 7 ; Gi lmore 1 9 3 1 ;
Jone s 1 9 3 6 ; Kuhn 1 9 3 9 ; Lincoln 1 9 3 9 ; · Shave r and
Dennison 1 9 2 8 ; Wi lson and Clark 1 9 1 4 - all above
in Fogarty 1 9 8 4 ; Romano ski 1 9 8 4b .
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CHAPTER IV
MATERIALS AND METHODS
The skeletal sample excavated from the Gordon Town
site in 1985 and 1986 is composed of 98 individuals from
a total of 85 stone box graves.

Table 5 presents the

demographic profile of the Gordon Town collection.

From

the table it is clear that over half (54.1%-- 53 of 98)
of the sample is represented by subadult individuals 16
years of age or younger, with the greatest percentage
represented by children in the birth - 3 year category
(n= 3 4).

This high frequency of subadults is somewhat

greater than that seen in the Averbuch skeletal sample,
another Middle Cumberland Culture population.

The

highest frequency of adults fall into the 30-40 year
category (n= l6).

Adult Males (n=23) and females (n= l9)

are nearly equally represented.
All of the stone box graves excavated by the
Division of Archaeology in 1985-86 were buried outside
of both the main cemetery and scattered graves area
identified by Myer (1 928) and the more recently
discovered mound cemetery set aside by the developer,
Edsel Charles (Stripling, personal communication 1988)
It is currently undetermined whether burial in or
exclusion from the main cemeteries were
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T able 5 .

Demogr aphic Prof i le of the Gordon Town
Skelet a l Sample .
Row Tot a l

Age a ( yrs )
Indet .

Ma les

Fema les

N

(%)

2

2

(2.0)

2.0

34

34

( 34 . 7 )

36 .7

3-10

7

7

(7.1)

43 . 8

10-16

3

3

(3.1)

46 . 9

2

5

(5.1)

52 . 0

1

1

(1.0)

53 . 0

Fet a l
Birth- 3

3

16-21
25-35

( Cum . % )

30-40

10

6

16

( 16 . 3 )

69 . 3

35-45

5

1

6

(6.1)

75 . 4

40-50

1

4

5

(5.1)

80 . 5

45-55

2

2

(2.0)

82 . 5

4 0+

1

5

(5.1)

87 . 6

7

(7.1)

94 . 7
99 . 8

4

" Sub adult " *

7

" Adult " *

3

1

1

5

(5.1)

56

23

19

98

( 99 . 8 )

Col . Tot a l

*
a

Rema ins a re too fr a gment a ry to a ge more specific a lly
Age a nd sex of individua ls determined using st a nda rd
techniques sununari zed in Bass ( 1 9 87 ) ; Krogma n a nd
! sc a n ( 1 9 8 6 ) ; Ubel a ker ( 1 97 8 ) .
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dependant upon age , sex and / or social status .
Mis s i s s ippian settlements have traditional ly been
characteri zed by a hierarchically ranked social
structure ( Griffin 1 9 6 7 ; Smith 1 9 8 6 ) ; however , ranked
status is not always evident at Mi s s i s s ippian s ites
located away f rom the maj or ceremonial centers ( Peebles
1977 ) .

Regardle s s , it cannot be assumed that the Gordon

Town skeletal sample is a representative cross- section
of the overal l population f rom the site .
Sample Se lection for Trace Element Analysi s
As discussed i n Chapter I I trace e lement
concentrations in bone result f rom a number of extrinsic
and intrinsic factors .

I n order to infer dietary

behavior from the trace element levels in bone , the
ef fects of the other modifying factors ( age , sex ,
metabo lism , diagenesis ) must be held constant or
minimi zed .

I f not controllable , however , their poss ible

ef fects on the trace e lement concentrations must be
considered in the f inal interpretation of the results .
I t was with an awareness of the modifying factors
di scussed earlier that the human and animal bone s amples
to be analyzed and the e lements to be measured were
se lected .
The Human sample .

Twelve adult individuals , seven

males and f ive females , were se lected f rom the larger
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Great care

skeletal sample for trace e lement analys i s .

was exerci sed in the choice of these individuals .
Selection for chemical analysis was dependent on meeting
certain criteria set up to minimi ze the ef fects of
intrinsic and extrins ic modifying f actors .

Each·

criteria wi ll be briefly discussed below and a summary
of the sample wi ll follow .
Adult individuals greater than 1 6 years of age at
death were selected in order to minimi ze the ef fects of
age on element levels .

I n addition to age effects

di scus sed earlier , the bones of chi ldren exhibit a high
degree of variation in element levels .

Thi s variabi lity

i s ref lected statistically by large coeff icients of
v�riation .

The coeffic ient of variation i s

s igni f icantly lower after the age o f 1 4 ( Si l len and
Kavanagh 1 9 8 2 ) .
Both males and females were selected for analys is
in order to highlight any e lement concentration
di fferences between the sexes .

Although no s tatus

differences between males and females were evident
during the excavation ( i . e . by the presence of grave
goods or burial location ) , differential access to
certain c lasses of food may have taken place .

The

exi stence of such a si�uation may be evident from the
trace element analysi s .

I f no signif icant differences

exi st between the sexes , males and females wi ll be
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pooled for other compari sons in order to increase the
overal l sample s i ze .
A maj ority of the 1 2 individuals included in the
analys is were we ll-preserved and free of any severe bone
pathologies , active infectious les ions , or nutritional
The chance of altered e lement concentrations

disorders .

due to disease interaction decreFses with the absence of
obvious nutritional deprivation ( Beck 1 9 8 5 ) .

Overall ,

the Gordon Town skeletal collection exhibits few
ins tances of active infection and little evidence of
nutritional stres s ( Ei senberg 1 9 8 7 , 1 9 8 8 ) .

Three of the

1 2 individua ls se lected for analys is , however , exhibit
s light to moderate degrees of osteoporosis ( Burials 2 2A ,
3 �A , and 6 5 ) .
two reasons .

These three individuals were inc luded for
First , the criteria set up to control the

modi fying f actors were so restrictive that only a small
number of all the burials could even be considered for
analysis .

Burials 2 2A , 3 4A , and 65 meet all other

criteria and were the least diseased of the other
pos s ible choices .

Secondly , it is we l l -known that one

of the ef fects of osteoporosis i s los s of bone mass and
thus bone mineral .

An analysis of the element

concentrations in these individuals wi ll pos sibly enable
the researcher to assess the effects of osteoporosi s on
various element levels in bone .

54

The remains of 1 1 of the 1 2 individuals were wel l 
preserved .

According to a bone preservation scale

devised by Gordon and Buikstra ( 1 9 8 1 : 5 6 8 ) the ske letal
material of the 11 wel l-preserved burials may be
c las s i f ied as " Category 1 , Strong Complete Bone " .
Category 1 inc ludes " ske letal e lements [ that ] are whole
and undamaged .

There i s no evidence of postmortem

des truction of os seous material which i s not directly
referable to local roots , microorgani sms , or burrowing
mammal activity" ( 1 9 8 1 : 5 6 8 ) .

One individual , Burial

3 4A , can be clas sif ied as Category 2 : " Bony elements may
be fragmented , but they are complete ly reconstructible .
External surfaces may show some etching .

Articular

s � rfaces of long bones . . . show superficial destruction
. . . microstructure studies could be severe ly limited"

( p . 568 ) .

The element concentrations of individual 3 4A

wi ll be interpreted with respect to her osteoporotic
condition and moderate state of preservation .
Unfortunate ly , gross bone preservation does not
always corre late pos itive ly with hi stological integrity
( Hanson and Buikstra 1 9 8 7 ) .

In some cases histological

deterioration may be we ll- advanced in specimens that are
macroscopically we ll-preserved .

The texture of bone in

the last stages of histological decomposition i s friable
with cross - sections · that are chalk- like .

None of the

specimens included in thi s analysi s exhibited friable or
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chalk- like texture .

Furthermore , a maj ority of the

individuals sectioned exhibited well preserved bone with
thick compact cortices .

Ske letal material that exhibits

dense cortices is less likely to have undergone
nutri tional stress than bone that is less dense ,
" osteoporotic" or exhibits pathological les ions .
Intrasite Variables .

I n addition to the

control of modifying factors , an attempt was made to
control within s ite variables that may have affected
individua l susceptibi lity to diagenesis , thus distorting
antemortem element concentrations .
Site Location of Burial s .

Six loosely

organized burial c lus ters were defined by the author
( Figure 2 , p . 2 9 ) .

I nclus ion of individual burials in a

c luster was determined solely by their proximity to
other graves .

The 1 2 individuals inc luded in thi s

analys is were se lected from three of the s ix c lusters .
Five were from C luster I I I , three were f rom Cluster IV
and four were f rom Cluster VI .

I ndividual s in each

c luster were compared to individuals in the other
c lusters to see if any stati stically signif icant trace
e lement concentrations are present between the three
c lusters .

This selection criterion was intended to

reduce pos s ible element variability due to intrasite
soi l di fferences .

Previous researchers have
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overwhe lmingly adopted the precaution of analyz ing and
comparing element concentrations in bone from a single
locality ( e . g . one site ) or stratigraphic leve l ( Parker
and Toots 1 9 8 0 ; Toots and Voorhies 1 9 6 5 ; Wes sen et al .
1 9 7 8 ; Wing and Brown 1 9 7 9 ) .

Differences exi st in the

range of element leve ls avai lable to dif ferent species
Element concentrations in

in dif ferent environments .

local environments are affected by such things as soil
pH , groundwater , chemical constituents of t�e parent
rock , weathering sequence , and drainage of the soi ls
( Si l len and Kavanagh 1 9 8 2 ; Wing and Brown 1 9 7 9 ) .

These

local factors determine the concentration of minerals
avai lable to plants , animals and ultimately humans .
C9mparing individuals from the same locality · helps
ensure that the background level of e lements is nearly
uniform .
Type of Grave Floor .

The general shape

and construction of the walls and capstone ( s ) of stone
box graves seem to seldom vary ( Dowd 1 9 8 Gb ) .

The f loors

of the graves , however , have been prepared in any number
of ways .

Three di stinct f loor constructions were

observed at Gordon Town .

One f loor type observed was

that of one or more thin limestone s labs .

The second

type of f loor encounter.ed was that of crushed she l l 
tempered pottery sherds .

Reconstruction of the sherds

l ining graves have produced partial and even , near
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complete vessels ( Dowd 1 9 8 Gb ) .

The third and most

common type of f loor observed at the Gordon Town s ite
was an unprepared , natural soi l .
All individuals selected for trace e lement analysi s
were interred i n stone boxe s with soi l f loors .

There

were a number of reasons for choos ing only graves with
soi l f loors .

First , the high frequency and widespread

distribution of thi s type of f loor throughout the s ite
made it most amenable ( with the other criteria ) as a
selection criterion .

Furthermore , the ef fects of soi l

on bone deterioration and diagenesis have been
identif ied and extens ive ly studied ( Gordon and Buikstra
1 9 8 1 ; Hanson and Buikstra 1 9 8 7 ; Kyle 1 9 8 6 ; Lambert et
a � . 1 9 7 9 , 1 9 8 5b ; Pate and Hutton 1 9 8 8 ) .

The ef fect of

l imestone and shell-tempered pottery sherds on
di agenesis , however , is presently unknown .

As such ,

individuals interred on these materials were regrettably
exc luded from thi s analysis .
Sununary of Human Sample Selection .

Table 6 li sts

the 12 individuals se lected for trace e lement analys i s .
All 1 2 individuals are we ll-preserved , hea lthy adults .
They were interred in the same area of the s ite and in
stone box grave s with soi l f loors .

The se lec tion

criteria that were met by each of the chosen individual s
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were set up to control and/or minimi ze the individual
and environmental modifying. factors .
The Fauna! Sample .

The importance of measuring

trace element concentrations in fauna! remains from the
same site as the human remains cannot be overemphas i zed
( Bumsted 1 9 8 5 ; Kyle 1 9 8 6 ; Price 1 9 8 5 ; Toots and Voorhies
Dietary reconstruction from

1 9 6 5 ; Wes sen et al . 1 9 7 8 ) .

trace element analyses depends on the comparison of
human bone element concentrations to the s ame e lement
concentrations in representative herbivores and
carnivores ( Bumsted 1 9 8 5 ; Kyle 1 9 8 6 ) .

Herbivore and

carnivore concentrations establi sh a range of element
levels within which human ( as omnivores ) bone levels
wi l l fall between , dependent , of course , upon the
proportion of plant and animal food resources consumed
during life ( Price 1 9 8 5 ) .
The fauna! material must come from the same s ite
and preferably the same stratigraphic leve l as the human
material ( Kyle 1 9 8 6 ; Pate and Brown 1 9 8 5 ; Toots and
Voorhies 1 9 6 5 ) .

Since many chemical e lements are

unevenly di stributed in the environment , thi s
as sociation ensures that the sources o f trace elements
in the fauna! and human material are he ld constant .
Strontium , for example , i s unevenly distributed in the
l ithosphere ( Kabata-Pendias and Pendias 1 9 8 4 ) .
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As a

Table 6 .

Individuals Selected for Trace Element
Analysis

Bur ial

Sex

21

M

30- 40

2 2A

M

30- 40

22B

F

40-50

24

M

27

Age

Pathologies

Bur ial
Cluster

Grave
Floor

III

soil

III

soil

none

III

soil

40-50

none

III

soil

M

30- 40

none

III

soil

3 4A

F

40-50

IV

soil

36

M

40-50

none

IV

soil

40

F

30- 40

none

IV

soil

65

F

30- 40

VI

soil

· 66

M

30- 40

none

VI

soil

72

M

30- 40

none

VI

soil

76

F

40-50

none

VI

soil

none
osteoporotic

osteopor otic

osteoporotic
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result , plants and animals living in one area wil l
consume different amounts o f strontium than animals in
another .

Furthermore , as di scus sed in Chapter I I , there

are many variables in the local environment ( e . g . soi l
pH , groundwater ) that may af fect the amount of e lements
avai lable to plants and animals .

Based on thi s

pr incipal one could not legitimately compare element
concentrations , for example , in white- tai led deer from
one part of the country to those from another ( Gi lbert
1 9 77 ; Sealy and Sillen 1 9 8 8 ; Sillen and Kavanagh 1 9 8 2 ) .
Five bones from three species of animals were
analyzed for trace element concentrations .

Two

herbivores , two omnivores and one carnivore were
r � presented .

The herbivore sample consists of two

skeletal elements from two white - tai led deer ( Odocoi leus
virgineanus ) , the omnivore consi s ts of two skeletal
e lements f rom two black bears ( Ur sus americanus ) and the
carnivore was repre sented by one skeletal e lement from a
s ingle cougar ( Felis concolor ) .
ske letal elements sampled .

Table 7 lists the

All f aunal samples were from

adults of each spec ies . The diets of each of these
animals is distinct and should be ref lected by their
bone element concentrations .

The preferred diet of each

spec ies sampled is described below .
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Table 7 .

Faunal Material Sel ected f or Trace
El ement Analysis

Animal

Sampl e

Age

Bone

Site
Locati on

Odocoileus virg1n1 anus
White-tailed deer

1

Adul t Tibia

2

Adul t

Humer us

Str . I I I ,
Fea. 2 5

Ursus amer icanus
Black bear

1

Adul t

Humer us

Str. I I I ,
Fea. 2 5

2

Adul t

Mandibl e

Fea. 8

1

Adult

Radius

Surf ace,
Lot 81

Felis concol or
Cougar

Fea. 13

Deer ar e br owsing animals f eeding
chief ly on the leaves, twigs, and fr uits
of trees and shr ubs and the fol iage of
herbaceous pl ants. They al so take seeds,
f ungi, mosses, lichens, succulent gr asses,
f arm crops, and sometimes small amounts of
animal f ood like snail s and f ish. Over 450
dif f erent kinds of pl ants are known to be
eaten by White- tailed Deer • • • but of these
only relatively few are used extensively
(Schwar tz and Schwar tz 1981 : 345).
Black bears eat a wide variety of f ood.
Grass, berr ies, and other f ruits, al l kinds
of seeds including nuts, the inner bar k of
tr ees, and roots are their main pl ant f oods.
The animal f oods are ants, bees and their
honey, crickets, grasshopper s, f ish, f rogs,
smal l rodents, f awns, birds ' eggs, and
carion of al l kinds, including other bear s
(Schwar tz and Schwartz 1981 : 2 81).
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Cougars consume a diet primarily composed
of meat . Deer is a favorite food, but . • •
[ they will ] take .small mammals, domestic
cattle, and sheep (Schwartz and Schwartz
198 1: 327) .

Trace Elements Chosen for Measurement
The choice of elements to be measured is critical
to the overall analysis .

A trace element chosen for

analysis should meet several criteria .

First, an

element should be predominantly associated with a
particular food or food class (e . g . grains, meats) .
Secondly , a direct relationship between the element
levels in the diet and the element levels in bone should
exist .

Thirdly, trace element concentrations should be

high enough for accurate measurement .

And finally,

trace elements chosen for analysis should be relatively
stable in the post-depositional environment (Beck 1985;
Gilbert 197 5 , 197 7; Wessen et al . 1978; Wing and Brown
1979) .

Satisfaction of the above criteria should enable

the researcher to accurately infer dietary practices
from trace element concentrations.
Certain elements (e . g . lead) are known to
accumulate in bone tissue throughout an organism's life
as long as the element is encountered and absorbed
(Gilbert 1975) .

Other trace elements are fixed in bone

up to certain levels after which the surplus amounts are
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excreted.

This is referred to as the "upper limit

restriction" (Wing and Brown 1979).

Unfortunately,

maximum levels of absorption are not known for all of
the trace elements.

Nevertheless, excluding those

elements that are firmly under homeostatic control and
accumulate in the body throughout an organism's
lifetime, there are a number of elements that are
absorbed into bone and the range of these element
concentrations in human bone can be assumed to reflect
the consumption of the element in vivo (Gilbert 1975).
Based on previous research and the criteria
outlined above, five "mineral" elements were chosen for
analysis.

These elements are strontium (Sr), magnesium

(Mg), manganese (Mn), zinc (Zn) and copper (Cu).

Sr,

Mn, Zn, and cu are considered "trace" minerals, while Mg
is present in the body at a concentration greater than
0.01% and is thus technically a "macro" mineral.
Strontium, magnesium and manganese are highly
concentrated in plant foods while zinc and copper
predominate in animal foods (Schroeder 1973; Schroeder
et al. 1966a, 196Gb, 1972; Underwood 1977).

Table 8

lists the concentrations of these five mineral elements
present in various food classes.
From Table 8 it is clear that the highest
concentrations of each . element are found in nuts.
possible consumption of nuts by a population will
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The

Table 8.

Mean Element Concentrations in Parts Per
Million (ppm) for Grains, Vegetables, Meats,
and Nuts

Element

Grains &
Cereals

Vegetablesa

Manganese
Magnesium
Strontium
Copper
Zinc

7.00
805.00
3. 00
2.00
17.70

2.50
307.00
1.90
1.20
6.00

Meatb

Nuts

0.20
267.00
2.00
3.90
30.60

17.00
1970.00
60.00
14.80
34. 00

a Category of vegetables includes values for legumes,
tubers, and leafy material.
b Category of meats excludes fish and shellfish.
Source: Taken in part from Gilbert 1977: 88

obviously affect the interpretation of trace element
concentrations.

A group that consumes a diet primarily

�omposed of meat foods (resulting in high bone levels of
zinc and copper) , but also eats a fair quantity of nuts,
will exhibit high levels of the plant-associated
elements (manganese, magnesium, strontium) .

A

researcher may erroneously conclude from such results
that the population relied disproportionately on plant
foods.

It is thus imperative that the possibility of

nut consumption by a population be investigated prior to
the analysis of element concentrations.
The · post-depositional stability of these trace
elements has been measured and results are variable
(Gilbert 197 5; Hatch and Geidel 198 5; Lambert et al.
197 9, 1983, 1984, 1985a, 1985b; Price et al. 198 5) .
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It

is generally agreed, however, that strontium and zinc
are the most stable (less susceptible to mineral
enrichment or depletion) in the post-depositional
environment (Gilbert 1975;. Lambert et al. 1979, 198 3,
1984, 1985b; Price et al. 1985).

Their stability is

lessened, however, in more acidic soils and they may be
more susceptible to diagenesis (Lambert et al. 1985a).
Reports on the stability of manganese, magnesium and
copper in buried bone have been conflictive (Gilbert
1975; Hatch and Geidel 1985; Lambert et al. 1979, 198 3,
1984, 1985a, 1985b; Price et al. 1985).

Results of

analyses using manganese are especially ambiguous.
Nelson and Sauer (1984) found manganese concentrations
to be stable in neutral or alkaline soils while Lambert
et al. (1985a, 1985b) and Price et al. (1985) reported
contamination of manganese in buried bone.

Gilbert

(1975) also reports inconsistent results when analyzing
manganese concentrations.

Despite the equivocal nature

of many reports, most studies have focused on zinc,
copper, manganese, magnesium and strontium, singularly
or in combination (Blakely and Beck 1981; Brown 197 3;
Connor and Slaughter 1984; Gilbert 1975; Hatch and
Geidel 1985; Katzenberg 1984; Price 1985; Schoeninger
1979; Sillen and Smith 1984; Toots and Voorhies 1965).
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Sample Preparation
Bone samples.

One of the research goals of this

thesis is to compare the trace element concentrations
within each individual.

Klepinger et al. (1986)

compared inter- and intraindividual element
concentrations using sections of the tibia, humerus and
femur in a small (n=4) sample from Sicily.

They

reported greater intraindividual variation in nine out
of 40 cases (measured 10 elements in four individuals) .
The implication of their study, however, is unclear
since the variation may be due to either diagenesis, the
small amount of bone analyzed or physiological
mechanisms.

Another study, carried out by Grupe (1988) ,

investigated the effect of bone choice on trace element
concentrations.

She concluded that element

concentrations differ between different types of · bones
within a single individual (i.e. trabecular versus
compact) .

The results of this study identify compact

bone as more amenable to trace element analysis due to
its decreased susceptibility to diagenetic changes and
its high correlation to total skeletal content of
specific elements.

Lambert et al. (1982) also reported

significant differences in trace mineral levels in
femora and ribs from ·the same site.

It is clear from

these studies that intraindividual variation may be a
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complicating factor in the interpretation of trace
element studies.
A comparison of element concentrations between two
to four bones per individual will be made.

The skeletal

portions chosen for this comparison are the midshaft
area of both the righ� femur and humerus , the middle
section of a middle range rib , and a section of the
spinous process of a middle or lower thoracic vertebra.
Two of these skeletal elements are primarily composed of
trabecular bone (rib and vertebra ) and two of compact
bone (femur and humerus ) .

Due to the incompleteness of

some of the burials , sample si zes of each bone vary.
Femur samples were taken f rom all 1 2 burials , humerus
samples from 1 1 burials , ribs f rom 10 burials , and
vertebra samples from nine bur ials.

All pairwise

compar isons (e.g. femur versus humerus , fem�r versus
rib, femur versus vertebra , etc. ) will be made.
A wedge-shaped transverse section was removed from
the posterior midshaft of the right femur and anterior
midshaft of the humerus .

A transverse section ,

approximately 2 cm in length , was removed from the
midsection of each rib and the distal portion of the
spinous process on each thoracic vertebra.

All bone was

sectioned using a fine-tooth steel-blade " X-acto" saw
with 1 6 teeth per inch.

Following removal , each bone

section was scraped clean of any adhering metal blade
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fragments with a piece of sterilized glass and bagged in
individual plastic bags for transport to the Brehm
Animal Science building on the University of Tennessee
Agricultural campus, Knoxville.

Dr. John P. Hitchcock,

Associate Professor in Animal Sciences and Linda

c.

Miller, Research Associate in Animal Sciences undertook
the sample preparation and trace element assay .
Each

Bone preparation for Atomic Absorbtion.

individual bone sample was prepared in the manner
described below.

First the bone samples were placed in

a Whirlpack ultrasonic cleaner with 20 ml of pure
(deionized) water and sonicated for approximately 5-7
minutes to remove any surface contaminants.

After

sonication the bone samples were removed from the
Whirlpack and thoroughly rinsed in pure water.

The

samples were then placed on aluminum drying pans and
J

dried for 2 4 hours at 115° centigrade.

The samples were

subsequently removed from the oven and allowed to
equilibrate in a desiccator overnight.

The next day the

samples were weighed into oven-dried and weighed Coors
crucibles at two grams of bone per crucible.

The bone

samples were next placed into a muffle furnace and ashed
at 600° centigrade for 14 hours.

Following ashing the

samples were covered with 10 ml concentrated HCl and
allowed to digest over the weekend.
69

The samples were

then washed out of the crucibles with ultra-pure water
and taken to an initial dilution of 25 ml.

From this

point the samples were diluted accordingly and were
submitted to a 551 Instrumentation Laboratory AA-AE
Spectrophotometer.

Absorbance readings were recorded

for each sample.
Atomic Absorbtion Spectrometry
Atomic absorption spectroscopy (AAS) was - chosen as
the method of analysis for several reasons.

First, AAS

is widely used and accepted in the analysis of
biological materials including bone tissue (Slavin 1968;
Szpunar et al. 1978; Varma 1984) .

Atomic absorption

also offers great versatility and precision.

It can be

used to determine concentrations of 60-70 mineral
elements in trace to macro amounts (Reynolds and Aldous
197 0; Slavin 1968) .

Furthermore, sample preparation is

straight forward and analysis quickly performed.

The

equipment necessary to applying atomic absorption is
also readily available on most university campuses as
well as in the conununity at large.

More technically,

because AAS is a direct measurement of ground state free
atoms, it is less susceptible to various forms of
interference, including temperature and spectral
variation (Reynolds and Aldous 1970; Varma 1984) .
Spectral interferences are reduced because of the
specific nature of the atoms of a particular element.
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The atoms of a specific element can only absorb
radiation of a particular wavelength; conversely, a
specific light frequency can only be absorbed by a
specific element.

It is important to note, · however,

that spectral interferences are more likely to occur
during the assay of certain elements.

This issue will

be further addressed in the results and discussion
section.

Inaccuracy due to temperature variation during

the analysis is unlikely since in AAS the atoms need
only be heated to a ground state instead of to a higher
state of excitation as in atomic emission spectroscopy
(Ebdon 1982; Reynolds and Aldous 1970) .
Atomic absorption is based on the ability of
ground-state atoms to "absorb" light radiation of a
specific wavelength that corresponds to the wavelength
emitted when going from a ground-state (an atom, ion or
molecule at its lowest energy level) to an excited state
of higher energy (Brown 1974; Reynolds and Aldous 1970;
Skoog and West 1986; Slavin 1968) .

The application of

AAS to a material requires the sample to be converted to
an atomic vapor.
sample in a flame.

This is accomplished by heating the
At this point the ground state atoms

of a specific element are able to absorb radiation of
their own distinct wavelength.

Generally hollow cathode

lamps - treated with the element to be measured or multi
element lamps treated with several elements provide the
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spectral lines to be absorbed by the sample.

Single

lamps were used in this analysis because of their
greater accuracy.

Each lamp will emit only the spectrum

of the desired element or elements.

Thus when the

spectrum of a specific elements is passed through the
flame containing the specific atoms of the element to be
measured , a portion of the light will be absorbed.

The

portion of the light absorbed will correspond to the
concentration present in the sample (Reynolds and Aldous
1970 ; Skoog and West 1986) .
A readout of the percent of light absorbed by the
ions is obtained and the concentration of the specific
element is determined by comparing percent absorption to
a calibration curve.

Standard solutions of each element

are used to construct calibration curves unique to each
element.
Statistical Analyses
statistical testing of all data was accomplished
using analysis of variance (ANOVA) procedures and
Student ' s T-test for small samples of less than 3 0.

All

programs were available in the Statistical Analysis
System ( SAS) package ( SAS Institute , Inc. 1985) .
The first research goal of this thesis requires the
comparison of mean trace mineral concentrations of the
femora , humeri , ribs and vertebrae in order to assess
intraindividual differences.
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An analysis of variance

was applied to this research problem.

A number of

assumptions regarding the sample to be tested are
necessary when an ANOVA is applied.

First, all

observations must be independent - one measurement must
not affect another measurement.

Second, the sample must

be from a population that is normally distributed.

And

thirdly, the variances of the samples being compared
must be equal.

Each of these assumptions, except for

the first one, was met.

Element concentrations in bone

are, as has been discussed, determined by numerous
intrinsic factors.

Technically, then, the element

concentrations to be compared are not independent.
However, by using the ABSORB option offered in the
analysis of variance procedure (PROC GLM ) (SAS
Institute, Inc., 1 98 5 ) , the effects of the individual on
element concentrations were controlled for .
Intraindividual variation will subsequently be compared
to interindividual differences by comparison of
coefficients of variation and ranges of concentrations .
With regard to the second research goal of this
thesis, the mean concentrations of each element of the
human sample will be compared to the mean concentrations
of each element of the herbivore, omnivore and carnivore
samples in order to �ssess the trophic level the Gordon
Town sample is most similar to.
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The comparisons described above will address the
research goals presented in the introduction; however, a
number of additional analyses must be performed prior to
the fulfillment of the main research goals.

First of

all, trace mineral concentrations between males and
females will be compared in order to assess possible
concentration differences related to gender.

A

Student's T-test · for small samples will be applied for
this comparison.

Results for males and females will be

pooled for all subsequent analyses if the differences
are not statistically significant.

Comparison of mean

element concentrations between age categories will also
be run.

Since there were only two age groups

represented by this sample (30-40 years of age and 40-50
years of age) Student's T-tests were appropriate.
Agai�, results will be pooled if no significant
differences are found to exist between age groups.
Finally, an ANOVA was performed to assess any
differences in mean element concentrations due to burial
in a particular grave cluster.

The results of the ANOVA

will highlight any significant concentration differences
that may exist between individuals due to burial
location.

By testing for differences in mean element

concentrations due to gender, age and intrasite
environmental factors, the possible effect of these
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factors on the trace mineral concentrations may be
identified and thus controlled and considered in the
interpretation of the concentrations for the fulfillment
of the two main research goals of this thesis.
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CHAPTER V
RESULTS AND DI SCUSSION

The results of the trace mineral analysis of the
Gordon Town skeletal sample will be presented in three
sections.

The first section will present the results of

tests used to determine the presence and degree of
intrinsic and extrinsic complicating factors such as
age, gender and interment within a particular burial
cluster.

The second section will present the results of

statistical tests performed to address the first
research goal of this thesis, namely inter- versus
intraindividual variation with respect to trace element
concentrations.

The third and final section will

present the results of tests that address the second
research goal, the inference of dietary information from
the trace mineral concentrations of the Gordon Town
individuals.
Concentrations of manganese, magnesium, strontium,
calcium and zinc were determined for each individual in
two to four different bones.

The measured levels were

determined from the dissolved bone ash and reported in
parts per million 1 ppm) .

Mean percent bone ash from the

dry bone samples was 82. 77%.
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The individual trace

element concentrations for the human and animal samples
are presented in Appendix Tables lA . and 2A.
All statistical analyses will be performed on mean
bone concentrations.

Table 9 presents the means,

standard deviations, and coefficients of variation for
each element per each bone class analyzed from the human
sample.

Concentrations in from two to four bones for

each of five elements are reported.

The coefficient of

variation (c. v.) is especially important at this stage
of the analysis.

The c.v. is used to measure the amount

of variability present in a population of measurements.
If the coefficient is high there is a great deal of
variation between the measurements.

Schoeninger (1979)

suggests that a coefficient of about 20% may be expected
for a population that is ingesting the same diet.

This

20% variation reflects elemental differences due to
individual and environmental factors of variation.
Price et al. (198 5b) have reported a somewhat higher
coefficient of 34.4%.
The coefficients of variation from Table 9 range
from 10.58% to 178.34 5%.

The highest coefficients are

associated with the trace mineral manganese (range:
108.752% -178. 345%).

Certainly the high degree of

variability may suggest dietary differences between the
sexes or between individuals of different ages.
However, this explanation is unlikely in this instance.
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Table 9 .

Descriptive Stati stics For Trace Element
Concentrations ( ppm ) of the Gordon Town
Skeletal Sample .

c.v.

Element

Bone

N

Manganese

Femur
Humerus
Rib
Vertebra

12
11
10
9

61 . 678
300 . 433
409 . 3 25
4 0 4 . 07 9

1 0 '9 . 9 9 9
4 3 5 . 17 1
455 . 151
507 . 220

17 8 . 3 4 5
144 . 848
108 . 7 52
125 . 525

Magnesium

Femur
Humerus
F'.ib
Vertebra

12
11
10
9·

890 . 333
823 . 000
870 . 900
1024 . 222

189 . 124
87 . 0 7 2
1 6 8 . 0 27
250 . 582

21 . 242
10 . 580
19 . 293
24 . 466

Strontium

Femur
Humerus
Rib
Vertebra

12
11
10
9

16 . 423
1 6 . 17 0
15 . 307
17 . 3 0 5

3 . 11 4
4 . 338
2 . 121
3 . 5 57

18 . 9 6 4
26 . 824
13 . 855
20 . 5 57

Copper

Femur
Humerus
Rib
Vertebra

12
11
10
9

5 . 250
6 . 192
7 . 195
8 . 897

0 . 957
1 . 336
2 . 1 18
2 . 386

18 . 23 3
21 . 583
29 . 442
26 . 815

Zinc

Femur
Humerus
Rib
Vertebra

12
11
10
9

134 . 011
164 . 889
193 . 953
17 8 . 6 5 8

44 .741
88 . 570
54 . 943
70 . 010

33 . 386
37 . 3 8 0
28 . 328
38 . 187

Mean

Std . Dev .
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All other elements have coefficients that range from
10. 58% to 38. 187%.

They are significantly lower than

the values seen for manganese.

When the questionable

stability of manganese in the post-depositional
environment is recalled (Gilbert 1975 ; Lambert et al.
198 5a, 198 5b ; Price et al. 198 5), this high degree of
variability is not surprising.

Unfortunately, the great

variation and range of values for manganese effectively
render the results of this element unreliable.
Subsequent analyses of trace mineral concentrations will
thus disregard manganese.

Any interpretations based on

such a variable element would be suspect and of
questionable value.
It will also be noted from Table 9 that the mean
concentrations for strontium are unnaturally low (femora
= 16. 42 ppm, humeri = 16.17 ppm, ribs = 15.31 ppm,
vertebrae =: 17. 31 ppm).

Prior research has seldom

reported strontium levels below 100 ppm and never less
than 60 ppm in humans.

I t is believed that

interferences during the atomic absorption analysis may
account for these low values.

One possible source of

interference is the type of flame used during the
analysis.

At the time of this analysis an air

acetylene flame was used.

Most element concentrations

can be determined in an air-acetylene flame; however,
numerous interferences have been documented in certain
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elements, especially the alkali metals ( including
strontium) .

Interference due to the flame is generally

related to insufficient atomization of the solution or
the occurrence of noticeable ioni zation.

The Animal

Sciences laboratory where the atomic absorption analysis
took place has recently purchased a nitrous oxide
acetylene flame.

This type of flame is, for the most

part, free from interferences and is thus more suitable
for use with those elements, including strontium, that
experience difficulties with the ai r-acetylene flame
( Miller personal communication 198 9, Welz 1985) .

The

other four elements analyzed experienced no
interferences in an air-acetylene flame.

Other possible

sources of interference with regard to strontium
determination are the presence of silicon and phosphates
in the vapori zed solution (Miller, personal
communication 198 9) .
The unnaturally low levels of strontium recorded by
this analysis cannot be used to supplement a dietary
interpretation , however , the strontium levels may still
be used in the assessment of gender and age effects,

di f ferences due to intrasite burial location, as well as
inter - versus intraindividual compar isons.

The

interferences that acted on the atomic absorption of

strontium are systematic and constant and thus the
absolute trace mineral concentrations of each individual
80

were affected by a constant factor (Miller, personal
communication 1989).

The strontium concentrations

recorded for the Gordon Town sample can thus be
considered relative (as opposed to absolute)
concentrations and be used when appropriate.
As discussed earlier there are numerous metabolic
and extraneous variables that may alter the trace
mineral concentrations from those that solely reflect
the dietary intake of the individual .

The disrupting

factors discussed earlier included gender, age, overall
health, interaction of minerals within the body, burial
location, and post-depositional environment .

Possible

differences of trace element concentrations due to
gender, age, and burial location were tested
statistically in order to identify their possible
effect .
Elemental Differences Due to Gender
The first factor to be tested was sex .

As

discussed in Chapter II, significant differences in the
element concentrations between males and females may be
attributable to either physiological or dietary factors.
In a population that consumes the same diet, for
example, pregnant or lactating females may exhibit
higher levels of strontium than other females in the
population because strontium is discriminated against in
favor of calcium by the placenta and mammary cells.
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Two

times as much calcium as strontium is secreted into milk
(Comar et al. 1957; Twardock 1963).

Divergent element

concentrations between the sexes may also result from
differential access to specific food classes.

In these

instances it is more common to see lower levels of
protein-related minerals like copper and zinc in
females, suggesting greater access to protein foodstuffs
by males (Brown 197 3; Lambert et al. 197 9).
Table 10 presents the results of two sample t-tests
to determine if any significant differences exist
between element concentrations in males and females.
The research hypothesis states that there are
significant differences in element concentrations
This hypothesis is rejected

between males and females.

at the .05 and even .10 significance level.

There are

no statistically significant differences between the
four element concentrations in males and females at
Gordon Town.
In all bones but the femur, strontium exhibits the
lowest p-values.

In all cases females exhibit higher

mean bone strontium levels than males.
unusual given the above discussion.

This is not

Women in the two

age-groups represented, 30-40 and 40- 50 years of age,
are still capable of reproducing, although at 40 to 50
years of age a woman is reaching the end of her child
bearing years.

The slightly higher bone strontium
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Table 10 .

Bone

Element Sex

Femur

Humerus

Rib

Re sults of Student ' s T-test For Differences
Between Males and Females by Bone and Trace
Elements
N

Mean

STD

T

DF

p

4. 6

0 . 3 095

3 . 17
3 . 23

-0 . 6682 10 . 0

0 . 5 191

5 . 22
5 . 29

1 . 09
0 . 86

- 0 � 13 02 10 . 0

0 . 8990

7
5

124 . 99
146 . 64

·3 1 . 60
60 . 5 4

- 0 . 813 5 10 . 0

0 . 43 49

M
F

7
4

829 . 71
811 . 25

95 . 29
82 . 60

0 . 3 228

9. 0

0 . 7542

Sr

M
F

7
4

14 . 97
18 . 28

3 . 05
5 . 90

- 1 . 25 14

9. 0

0 . 2423

Cu

M
F

7
4

6 . 28
6 . 04

1 . 62
0 . 80

0 . 263 5

9. 0

0 . 7981

Zn

M
F

7
4

167 . 03
161 . 15

5 1 . 29
85 . 86

0 . 1447

9. 0

0 . 8882

Mg

M

F

6
4

839 . 83
917 . 50

141 . 56
215 . 58

- 0 . 6952

8. 0

0 . 5066

Sr

M
F

6
4

14 . 78
16 . 10

2 . 17
2 . 07

- 0 . 9622

8. 0

0 . 3 641

Cu

M
F

6
4

7 . 27
7 . 09

1 . 71
2 . 93

0 . 1242

8. 0

0 . 9042

Zn

M
F

6
4

195 . 87
191 . 09

63 . 3 4
48 . 50

0 . 1272

8.0

0 . 9019

Mg

M

F

7
5

83 0 . 86
973 . 60

84 . 92
269 . 60

Sr

M
F

7
5

15 . 90
17 . 15

Cu

M
F

7
5

Zn

M
F

Mg

83

- 1 . 1440

Table 10 (Continued)
Bone

Element Sex

N

Mean

Vertebra Mg

M

6 1088 . 17
3 896. 33

Sr

M

6
3

M

M

Cu
Zn

F

F
F

STD

T

DF

p

259. 4 6
214. 62

1 . 0962

7.0

0 . 3 093

15 . 98
19 . 96

3. 00
3. 51

- 1 . 7 842

7. 0

0 . 117 6

6
3

8 . 36
9 . 97

2 . 50
2. 13

- 0 . 94 3 6

7.0

0 . 3 7 68

6
3

167 . 01
201. 95

28 . 60
127 . 83

-0 . 467 5

7.0

0 . 684 7
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levels in females could also be interpreted as dietary
differences.

As stated earlier differential access to

food resources usually results in higher levels of plant
This explanation is

associated elements in females.

unlikely however, since statistically significant
differences are not presen� between males and females in
strontium or other elemental concentrations.

Dietary

inferences from these results will be discussed in
greater detail later in the chapter.
The results of this analysis of gender differences
are important for two reasons.

First of all, the lack

of statistically significant differences enables the
pooling of males and females for all subsequent ·
analyses.

This will allow for the largest possible

Sdmple size.

Secondly, these results suggest equal

access, with respect to gender, to a variety of food
classes.
Elemental Differences Due to Age
Table 11 presents the results of two-sample t-tests
to determine age-related concentration differences.

As

with gender there are no statistically significant
differences between the element concentrations of 30-40
year olds and 40-50 year olds.

The lowest p-value

(p=0. 1457) is seen in ·copper concentrations in ribs.
This value is suggestive of some difference between the
two groups.

A low p-value constitutes evidence to
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Table 1 1 .

Results of Student ' s T-test For Dif ferences
Between Age Groups by Bone and Trace Element.
Age
Group

N

Mg

30-40
4 0 -5 0

7
5

Sr

30-40
4 0 -5 0

7
5

15 . 92
17 . 14

cu

30-40
4 0 -5 0

7
5

Zn

30-40
4 0 -50

Humerus Mg

Bone
Femur

Rib

Element

Mean

STD

822 . 8 6 7 4 . 0 9
9 8 4 . 8 0 266.47

T

DF

p

- 1 . 3229

4 . 4 0.25 05

3 . 18
3.23

- 0 . 65 1 4

1 0 . 0 0.5295

5 . 08
5 . 48

1 . 01
0.9 3

- 0.6 924

1 0 . 0 0 . 5 0 45

7
5

1 4 1 . 85
123 . 0 4

5 6.22
22 . 4 9

0.7 0 12

1 0.0 0 . 4 9 9 1

30-40
4 0 -5 0

7
4

8 45 . 0 0 1 0 1 . 29
7 8 4 . 5 0 4 0.6 1

1.1229

9.0 0 . 29 05

Sr

30-40
4 0 -5 0

7
4

15 . 29
17 . 72

2.7 0
6.57

-0 . 8833

9.0 0.4 0 0 0

cu

30-40
4 0 -5 0

7
4

6 . 28
6 . 03

1.6 6
0.62

0.24 8 7

9.0 0.7 823

Zn

30-40
4 0 -5 0

7
4

176 . 91
1 4 3.85

70 . 18
4 3. 4 1

0 . 8 4 35

9.0 0.420 8

Mg

30-40
4 0 -5 0

6
4

8 3 9.17 1 3 4.0 1
9 1 8 . 5 0 223 . 0 1

-0 . 7111

8.0 0 . 4 972

Sr

3 0 - 40
4 0 -5 0

6
4

15 . 0 4
15.7 1

2.07
2.45

- 0.4 7 0 9

8 . 0 0 . 65 0 3

cu

30-40
4 0 -5 0

6
4

8 . 01
5 . 98

2.1 7
1 . 52

1 . 6 1 15

8.0 0.1 457

Zn

30-40
4 0 -5 0

6
4

20 1 . 02
1 8 3 . 35

68 . 83
30 . 19

0 . 47 6 4

8.0 0 . 6 4 65
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Table 1 1 ( Continued )
Bone

Element

Age
Group

N

Vert .

Mg

30- 40
40-50

5 108 8 . 00 297 . 7 8
4 9 4 4 . 50 1 8 4 . 28

Sr

30- 40
40-50

5
4

16 . 61
18 . 17

cu

30- 40
40-50

5
4

Zn

30- 40
40-50

5
4

Mean

STD

T

DF

0 . 8 3 76

7 .0

0 . 429 9

3 . 04 -0 . 629 3
4 . 43

7 .0

0 . 5 4 92

9 . 08
8 . 67

2. 89
1 . 99

0 . 23 82

7.0

0 . 8 1 85

206 . 22
1 4 4 . 20

3 7 . 97
12 . 3 3

1 . 3 9 70

7 .0

0 . 205 1

87

p

reject the null hypothesis of no differences between
age-groups.

Overall, however, the results corroborate

research that reports more stable element concentrations
in adults as compared to children ( Hodges et al . 1950 ;
Lambert et al. 1979 ; Sowden and Stitch 1957 ; Tanaka et
al . 1981) although certain element levels decreased or
increased slightly with age.
It is interesting to note, however, that there are
no significant differences between the older and younger
age groups simply because as one grows older, bone mas s
typically decreases .

This would obviously have a

negative effect on bone mineral content.

Lambert et al.

( 1979) plotted 10 element concentrations against age.
Four of the elements ( Mn, K, Al, Fe) showed extremely
high levels in the very young, followed by a sharp
decrease in childhood and a continued increase with age.
They concluded, based on additional studies, that the
bones of the very young and the elderly are more
susceptible to diagenesis thus explaining the increased
element levels in these two groups.
seen here.

This trend is not

A comparison of the mean bone element

concentrations between the older and younger group does
not show any consistent pattern, except in zinc.

With

respect to zinc, the older individuals exhibit lower
mean concentrations.

This may reflect a physiological

effect since some elements are known to decrease with
88

age (e. g. calcium).

Underwood (1977: 6) reports the

results of a study that found decreasing zinc
concentrations after the age of 40.
Elemental Differences Between Burial Clusters
The 12 individuals selected for analysis represent
three distinct burial clusters.

A one-way analysis of 

variance was performed in order to determine if there
are significant differences in the element
concentrations of individuals from three burial
clusters.

In this instance, an analysis of variance

looked at the differences between the burial clusters to
determine if they are greater than would be expected by
chance.
The results of the one-way analysis of variance are
presented in Table 12.

The research hypothesis states

that significant differences in element concentrations
exist between the burial clusters.
confirm this hypothesis.

A low p-value would

The research hypothesis is

rejected at the . O S level in all but one instance: mean
bone strontium concentration of the femora.

There are

three other instances where there are some difference
between burial clusters noted.

These instances are Mg

humeri p = 0.0915), Sr-humeri (p = 0.1363), and Zn-rib
(p = 0. 0999).

I t is unknown at this point whether these

differences are an artifact of small sample sizes or
real differences.

The majority of the element
89

Table 12.

Results of an Analysis of Variance of
Differences Between Individuals From Different
Burial Clusters

Element

Bone

DF

Mg

Femur

1, 10

0.10

0.7607

Humerus

1, 9

3.57

0.0915@

Rib

1, 8

0.15

Vertebra

1, 7

o . oo

0.7130

Femur

1, 10

17.14

0.0020 *

Humerus

1, 9

2.68

0.1363

Rib

1, 8

0.70

0.4276

Vertebra

1, 7

0.30

0.6014

Femur

1, 10

0.56

0.4707

Humerus

1, 9

0.20

0.6677

Rib

1, 8

0.11

Vertebra

1, 7

a . as

0.7472

Femur

1, 10

1.85

0.2042

Humerus

1, 9

0.01

0 . 9253

Rib

1, 8

3.46

0.0999@

Vertebra

1, 7

1.52

0.2578

Sr

Cu

Zn

F-value

* Significant at the 0. 05 level
Significant at the 0. 10 level
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p

0.9708

0.8352

concentrations, however, do not differ significantly
between burial clusters.

Individuals from all areas

will thus be pooled for all subsequent analyses.
Research Goal #1:

Intra-individual Variation

Table 13 presents the results of a one-way analysis
of variance to test for differences between two to four
bones within a single individual.

From the table we see

that for all four elements significant differences in
elemental concentrations occur between the bones of an
individual.

The 'ANOVA tests the null hypothesis that

there are no differences in the mean elemental levels
between the different bones tested.

A low p-value is

evidence to reject the null hypothesis and accept the
research hypothesis that there are significant elemental
differences between the

bones of an individual.

The

'ANOVA does not tell us, however, which element
concentrations differ between which bones.

To determine

this the CONTRAST procedure in SAS (SAS Institute, Inc.
1985) was applied.

The contrast procedure performs

multiple comparisons (of the researcher's choice) using
the independent variables from the analysis of variance
in order to determine where the significant differences
lie.

Since the goal is to determine if significant

elemental difference� - exist within an individual,
comparisons were made between the elemental
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Table 13.

summary Table of Analysis of Variance of
Mean Bone Element Concentrations Within
Individuals

Element

d. f .

F-value

Magnesium ( Mg )

12

4 . 14

o . oooa*

Strontium (Sr)

12

6 . 31

0 . 0001 *

Copper (Cu)

12

3 . 53

0 . 0024 *

Zinc (Zn)

12

3 . 17

0 . 0049 *

p

* Significant at the 0 . 01 level

concentrations of the different bones.

The contrasts

performed were between :
1) the femora & humeri and the ribs & vertebrae.
This comparison is essentially between the two
general types of bone, compact versus
trabecular.
2) the femora and humeri.
This comparison is between the two compact
bones.
3) the ribs and vertebrae.
This contrast compares the two trabecular bones .
4) the femora and the ribs.
This comparison is between the larger compact
bone and one of the trabecular bones.
5) the femora and the vertebrae.
This contrast compares the larger compact bone
and the other trabecular bone.
6) the humeri and the ribs.
This contrast compares the smaller compact bone
and one of the trabecular bones .
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7) the humeri and the vertebrae.
This comparison is between the smaller compact
bone and the other trabecular bone.
Table 14 presents the results of the contrast
procedure.

The results do not follow a strong pattern.

Significant elemental concentration differences at the
traditional 0.05 level were seen in nine of 28
instances.

Significant differences at the . 10 level

added five more instances for a total of 14 of 28 (50%) .
The results of the intraindividual differences may
be interpreted in several ways.

One way to interpret

the results in Table 14 is to consider the individual
bones ( e.g. femur, humerus, rib, vertebra) that were
compared.

I t was previously mentioned that Grupe (1988)

compared the trace element levels between compact bone
and trabecular bone.

She found significant differences

between the element concentrations of the two bone
types.
this.

The results of this study are also suggestive of
When the mean bone element concentrations were

compared between the compact (femora, humeri) and
trabecular (ribs, vertebrae) bones (col. 1) , significant
differences at the 0.05 level were found in Cu and Zn
levels.

Differences at a lower confidence level were

found in Sr and Mg (p < 0.3000) .

Even though the p

values of Sr and Mg aren ' t low enough to be included in
the 95% confidence level it is clear that some
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Table 14 .

Element

F/H

Results of Analysis of Var ianc e For
Differ enc es Between Bones .

VS

R/V

F vs H

R vs V

F vs R

F

#2

#3

#4

VS

#5

V

H

VS

#6

R

H vs V
#7

Mg

0 . 2054

0 . 5242

0 . 0 1 67 *

0 . 4972

0 . 06 3 1 *

0 . 9 47 6

0 . 0206*

Sr

0 . 2756

0 . 9599

0 . 0621#

0 . 07 6 6 #

0 . 8334

0 . 07 8 2 ..

0 . 8737

Cu

0 . 0003

°11

0 . 1507

0 . 0 17 1 *

0 . 0188*

0 . 0001*

0 . 3049

0 . 0015*

Zn

0 . 0299*

0 . 1483

0 . 3814

0 . 0073*

0 . 0697*

0 . 1644

0 . 6232

* Significant at 0 . 0 5 ( n=9 )
Signif icant at 0 . 1 0 ( n=5 )

*
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differences do exist .

Similarly, the differences

between the two compact bone samples (femora, humeri column 2) are not as pronounced as the differences
between the two trabecular bones (ribs and vertebrae column 3) .

Mean mineral levels of Sr and Mg are not

even close to being significantly different in the
compact bones.

Significant elemental level differences

between each of the compact bones and each of the
trabecular bones (columns 4-7) are also observed.
Differences between the mineral levels of the femora and
either of the trabecular bones (columns 4 and 5) are
generally more signi �icant than those between the humeri
and each of the trabecular bones (columns 6 and 7) .

Therefore, when analyzed with respect to the type
of bones compared (compact vs trabecular) the results of
this study agree with those of Grupe (1 988) : . trace
element concentrations in compact bone differ
significantly (in most cases) from those in trabecular
bone .
This situation may be related to bone turnover
rates (Snyder et al . 1 975) .

For normal adult

individuals, the turnover rate for trabecular and
cortical bone is set at 1 0 % per year and 2 . 5 % per year,
respectively (Snyder et al. 1 975 : 75) .

This disparity in

turnover rate woul� be reflected in higher element
concentrations in trabecular bones (ribs and vertebrae
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in this study) than in compact bones (femora and humeri
in this study) .

A review of Table 9 (p. 78) is

=onsistent with this idea .
Another way to interpret the results presented in
Table 14 is to look at which minerals are the most
variable between the bones of an individual.

In

referring to Table 14, the element that is most variable
within the skeleton is Cu - significant differences
exist between copper concentrations in all comparisons .
Zinc is also somewhat variable although only two
contrasts are significant at the . 05 level .

Magnesium

is the next variable element and strontium appears to be
the least variable with regards to distribution
throughout the skeleton .
Variability throughout the skeleton may pe a
function of element distribution within a single bone .
Lambert et al . (198 3) used a scanning electron
microscope to determine the distribution of several
elements in femoral cross-sections of archaeological
bone .

Their results found that the distribution of Sr

and Zn were homogenous throughout the section .
Manganese was concentrated along the outer surface of
the sections, and Mg, in some instances, built up along
The distribution of copper

the outer surface as well .

within a bone section was not determined .

What the

study suggests is that the stability of certain elements
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in the postdepositional environment is questionable and
appears to be related to elemental distribution
throughout the bone .

Build-up along the outer bone

surface , as noted in Mn and to some degree Mg , is
suggestive of enrichment by foreign ions from the burial
environment.

The pervasive distribution of Sr and Zn ,

on the other hand , suggest they undergo little
postdepositional alteration.

These concepts would be

reflected in the current analysis by acceptance of the
null hypothesis of no difference between the bones of an
individual in the cases of Sr and Zn (p> 0.05) and a
rejection of the null hypothesis for Mg and Mn (p<
0.05) .

The results from this study (Table 14) do not

fully agree with the results of Lambert et al. (1983) .
Strontium was the least variable element within an
individual.

Zinc was more variable than expected and Mg

less so .
The results of this aspect of the thesis may also
be due to variation in susceptibility to diagenesis.

As

mentioned earlier, smaller more porous bone is more
susceptible to diagenesis than dense compact bone.
Differences in susceptibility to diagenesis would also
manifest in significant differences in element
concentrations between compact and trabecular bones.
It is clear from the results of this segment of the
trace element analysis that there are a number of
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possible explanations for the variable levels between
different bones within an individual.
Intra-individual Variation Compared to I nter- individual
Variation
Table 15 presents the ranges and coefficients of
variation (c. v. ) of element concentrations for the
sample overall (n=12) and for each individual burial.
The overall sample concentrations are represented by the
femur.

The range was determined by subtracting the

lowest femur concentration for each element from the
highest femur concentration.

The range for each element

within an individual was determined by subtracting the
lowest concentration (of either the femur, humerus, rib,
or vertebra) from the highest concentration (of either
the femur, humerus, rib, or vertebra).

The ranges and

c. v. s were compared to determine if there was greater
variation in element concentrations between the femora
of all 12 individuals than in element concentrations
within a single individual.

In 11 of 48 (22. 9%)

instances the c . v. is greater. within a single individual
than the c. v. of all 12 individuals.

In nine of 48

(18. 75%) cases the range of element concentrations
within an individual exceeded the range between all 12
individuals.
On an individual level nine of the 12 individuals
exhibited greater intraindividual variability than
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Table 15.

Range ( in ppm) and Coefficient of Variation
( C. V. ) f or Element Concentrations of the Femora
From the Gordon Town Sample ( I nter-individual)
and the Femora, Humeri, Ribs and Vertebrae Within
Each Burial.
Element
Cu

Mg

Sr

c.v.

760. 00
2 1. 24

8. 90
18. 96

2. 50
18. 2 2

154. 80
33. 39

c.v.

397. 00
18. 73

6. 40
16. 43

3. 70*
2 2. 97 *

149. 30
39. 2 2 *

c .v.

10. 00
0. 93

2. 20
12. 78

0. 40
7. 39

0. 60
0. 2 5

79. 00
7. 09

1. 00
4. 53

0. 50
6. 67

27 . 10
18. 03

c.v.

2 5 5. 00
13. 54

2. 30
6. 39

3. 20*
2 1. 3 6*

90. 50
2 7. 3 7

c.v.

126. 00
9. 19

2. 80
8. 90

4. 30*
2 6. 84*

60. 3 0
20. 16

339. 00
6. 13

5. 50
14. 85

6. s o *
47. 62 *

3 1. 3 0
11. 26

c .v.

123 . 00
�. 13

3. 00
9. 44

1. 3 0
8 . 14

81. 00
20. 77

c.v.

62. 00
3. 58

0. 60
2. 34

5. 70*
3 7. 2 5 *

101. 90
16 . 40

c.v.

72. 00
4. 39

1. 90
5. 60

3 1. 60*
5. 56

2 29. 20*
65. 27*

I nterindividual ( n=12)
Range
Burial 2 1
Range
Burial 2 2A
Range
Burial 2 2B
Range
· C. V.
Burial 24
Range
Burial 27
Range
Burial 34A
Range
C. V.
Burial 3 6
Range
Burial 40
Range
Burial 65
Range
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Zn

Table 1 5 ( Continued )

Mg

Burial 66
Range

Element
Cu

Zn

65 5 . 00
27.5 8 *

4 . 20
4 . 83

7.50*
40 . 62*

229 . 1 7 *
65.27 *

c . v.

29 8.00
1 9 . 52

7.50
21.5 1 *

1 . 90
1 5.4 3

62 . 00
1 5 . 64

c.v.

1 46.00
7 . 89

8.40
1 5.5 5

3 . 40*
27.67 *

8 5 . 20
27.9 1

c .v.

Burial 72
Range
Burial 77
Range

*

Sr

Greater intra- individual Range and/or greater
inter-individual Range and/or c . v.

100

c.v.

than

interindividual variability.
variability are unknown.

The reasons for this

It has been suggested that the

inhomogeneity of bone may be responsible.

Another

factor that may influence variability is, once again,
susceptibility to diagenesis.

Interindividual

variability was determined using the femur, a bone that
is regarded as more stable in the postdepositional
environment than the rib or vertebra (Lambert et a1. ·
1982).

The variability within an individual, however,

was determined by comparing the element levels in from
two to four bones representing cortical and trabecular
bones.

As discussed earlier, trabecular bone is

hypothesized to be more susceptible to diagenesis than
compact bone.

With this in mind it is interesting to

note that the two burials where only the compact bones
(femur and humerus) were sampled (Burial 22A, 22B),
intraindividual variation does not exceed
interindividual variation.

Regardless of the

explanation for the presence of high intraindividual
variability, the occurrence of the variability is
unsystematic and unpredictable.

For this reason

interindividual comparisons of element concentrations
should be done using the same bone.
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Research Goal * 2: Inference s Regarding Dietary
Practices and Subsistence Behavior of the Gordon Town
Inhabitants
One of the primary goals of the trace element
analyses of human bone has been the reconstruction of
subsistence practices and dietary behavior of t�e sample
under study ( Brown 1973 ; Connor and Slaughter 1984;
Price 1985; Schoeninger 1979; Schoeninger and Peebles ·
1981 ).

This goal is dependent upon the recovery of

representative herbivores and carnivores from the same
site as the human remains.

By comparison of element

concentrations in human bone to concentrations in
herbivores and carnivores, the relative proportion of
plant and animal food resources in the human diet may be
determined.
Analysis of representative herbivores and
carnivores are nece ssary to the accurate interpretation
of diet because they provide the end points of a range
of element concentrations between which humans, as
omnivores, will fall.

As outlined earlier two

herbivores ( white-tailed deer), two omnivores ( black
bear), and one carnivore ( cougar) from the Gordon Town
site were analyzed .

Table 16 presents the descriptive

statistics of the element analysis of the fauna!
material.

Individual concentrations are reported in

Appe ndix T ab le 2A . ·
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Table 16.

Descriptive Statistics for Element
Concentrations (ppm) of the Gordon Town S ite
Faunal Sample

Animal
White-tai led
deer

Black Bear

Cougar

Element

Mean

2

Mg

1028.990

2

Sr

20.86

2

cu

2

Std. Dev.

c.v.

208.243

20.238

1.485

7.119

6.264

0.188

3.003

Zn

111.910

19.021

16.997

2

Mg

1039.805

122.436

11. 775

2

Sr

19.195

2.397

12.48 8

2

Cu

7 . 747

0.091

1.168

2

Zn

237.345

94.307

3 9.7 34

1

Mg

1050.890

1

Sr

23.400

1

Cu

9.533

1

Zn

114.860

N
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It is appropriate to mention that the role of
carnivore remains in trace element studies is
problematic.

Carnivore remains are infrequently

recovered at most archaeological sites (Price 198 5).
When carnivore remains are present, their numbers are
low.

This situation precludes an accurate assessment of

the range of local element concentrations in carnivores.
Different carnivores consume different meat diets.

The

type of meat they consume will affect their bone element
concentrations (Sealy and Sillen 1988) .

If a

carnivore consumes herbivores or omnivores that possess
high levels of certain elements the carnivore will
exhibit higher bone element levels than a carnivore that
ingests a diet with lower element levels.
A preliminary inventory of the Gordon Town faunal
remains identified a single carnivorous species (cougar)
represented by one bone.

While the recovery of even one

carnivore is fortunate since it suggests to some extent
the carnivore element levels present at Gordon Town, a
sample size of one severely limits the usefulness of the
information derived from it.

A sample size of one

obviously does not enable one to assess the range of
variation present in carnivores in general and the
possibility exists that the element concentrations
measured in this animal may not be representative of
carnivores overall.

This situation makes it difficult
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to estimate the range of local concentrations found in
carnivores .

The other two faunal species analyzed are

represented by two animals each .

This small sample size

is not an ideal situation, however, financial
constraints necessitated such a situation .
One final note before the analysis continues.

It

will be recalled that the Sr concentrations of both the
human and animal samples are abnormally low.
Interferences during the chemical analysis may be
responsible for the low concentrations .

Miller (1988,

personal communication), however, suggested the
factor (s) of interference were systematic and constant
across the sample .

This situation enabled the Sr values

to be considered relative values and interpreted
accordingly.

While the percentage of dietary intake of

food resources high in Sr cannot be inferred from the Sr
concentrations of the human sample, the relative
relationship between element concentrations of humans,
herbivores, nonhuman omnivores, and carnivores can be
assessed.
Figures 3 - 6 illustrate the mean bone element
concentrations of humans and each species of animal
analyzed and, with Tables 9 and 16 (pp. 78, 103),
facilitate a comparison between the different animals
with respect to the different mineral elements.
interesting relationships are illustrated.
105

Several

What is most

C

._

CD

c ._ ._ a,
z E l> CD :l
w :, a> a, o
CD

<.? :I: C m u

��1(30

"'================�==��������.(...J.....£_�....£_� a:

..0

(I)

._
,:,

a,
E

:::,

:I:

...

:::,

E
a,

LL

-

0
0
0

Figure 3 .

0
0
CD

.,

0
0

0
0
�

0
0
N

Comparison of Mean Bone Magnes ium
Concentrations in Human , Deer , Bear and
Cougar Samples .
106

0

c

Z

C

ca
e

._

._ � a
Cl

CD CD :::,
W :::I CD CD O

c, � c m o
w

_J rJ l � D

__...__����--'--""""'"'-___,..____J...-,,L--,L....L..-4--"'L.. �

a:

fl)

:::,

'--'-�""'--'-�'-'-..-..J.--L.-""'--'---'-�--L-""--4""""'-L.-..-"--.1:-..J......L-..'L

I�

E

CD

:::,
�

�-..........................���"""'="�.L.....,L--��""'--'--�-±-�

�
:::,

E

CD

LL

-

0

Figure 5 .

N

CD

0

(wdd) uo�l&JluaouoJ JaddoJ ueaw

Comparison of Mean Bone Copper Concentrations
in Human , Deer , Bear and Cougar Samples .
108

striking (and disturbing) is that the cougar (carnivore)
possesses the greatest concentrations of those elements
commonly associated with plant and grain resources -- Mg
and Sr -- and thus herbivores.
completely unexpected.

This situation is

These high levels may be
First, the

explained in a number of different ways.

levels measured in the cougar may accurately reflect
dietary intake and variation.

This is highly unlikely

since both Mg and Sr are primarily absorbed into bone
(Mertz 1986; Underwood 1977) and are thus discriminated
against as one ascends the food chain.

Herbivores,

since they consume plants (which are high in Sr and Mg) ,
should have a higher concentration of plant-related
minerals than carnivores who eat primarily meat
resources (since Mg and Sr are absorbed primarily into
skeletal structures, there would be less Sr and Mg
available to carnivores since they eat primarily flesh,
not bone).

The high levels of Sr and Mg may also be due

to individual variation.

Comparison with other cougar

remains would have shed some light on this problem.

At

this point these unusual, and perhaps unreliable,
elemental concentrations, cannot be used to infer
dietary composition ( proportional reliance on plant vs
animal food resources) of the human diet.
The concentrations of both Zn and Cu are more in
line with expectations.

High concentrations of both of
1 10

these elements are indicative of a diet primarily
composed of meat resources .

The cougar, as expected,

has the highest level of cu. Conversely, the white
tailed deer sample contained the lowest concentration of
Cu ( in the ribs and vertebrae).

The black bear sample

exhibits the highest mean bone concentration of Zn;
cougar exhibits the second highest concentration of
zinc.

This is not totally unexpected since omnivores

may ingest a diet that is high in meat resources
depending on what food resources are available to them.
Omnivores such as black bears also consume vast amount
of nuts, a food source rich in zinc and other trace
minerals and one that is generally not consumed by
carnivores.
The white-tailed deer samples as the representative
herbivore, exhibit the lowest mean bone concentrations
of the fauna in all but one mineral ( Sr).

Low

concentrations of both Cu and Zn· are expected; however,
the low concentration of the plant-related element, Mg,
is unexpected and unexplainable.
In summary, the element concentrations recorded for
the fauna! remains are unusual and in some instances
unexpected.

The unusualness of the element

concentrations in a number of instances, in addition to
the small sample size, affect the accuracy with which
dietary inferences can be made from this sample.
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It is

possible to suggest which classes of food resources were
consumed by the Gordon Town sample but not the
proportion of plant foods versus animal foods.
The histograms presented in Figures 3-6 suggest,
for humans, a varied diet that most likely consisted of
a judicious mixture of both plant and animal resources.
It is clear from the results that the human diet at
Gordon Town consisted of some proportion of meat.

The

mean bone element concentrations of humans with respect
to Zn and cu are higher in most instances than mean bone
concentrations in the white-tailed deer (the exceptions
being Cu concentrations in the femur and humerus).

The

proportion of meat in the diet, however, was not
overwhelming since the cu concentrations in human bone
are well below the levels in the cougar as well as the
black bear (omnivore).

Zinc, the other meat related

mineral, is higher in humans than the cougar.

This may

appear puzzling at first glance, · however, it is
reasonable with respect to the population being
analyzed.

Zinc levels will be discussed below.

With respect to the proportion of plant foods
consumed by the Gordon Town inhabitants, the element
concentrations are indicative of some exploitation of
plant resources.

The human concentrations of the plant

·associated minerals are lower than those measured in the
white-tailed deer, black bear, and cougar.
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Keeping in

mind the unusual concentrations of Sr and Mg in the
cougar bone sample, these results suggest a diet that
contains a lesser degree of plant consumption than seen
in a strictly herbivorous diet.
The consumption of a varied diet by the Gordon Town
inhabitants is further supported by the concentrations
of the plant associated minerals relative to
concentrations of the meat associated minerals.

If · a

population were disproportionately exploiting plant
resources, the concentrations of plant related elements
would be high in relation to lowered levels of meat
associated elements.

If the reverse situation was

practiced (primary reliance on animal foodstuffs), high
concentrations of the meat associated elements would be
present at the expense of plant element concentrations.
The presence of high, or at least comparable, levels of
both the plant and meat associated elements would thus
be indicative of a varied, mixed· diet.

Comparable

levels may also indicate significant consumption of nuts
and mollusks (Beck 1985 ; Schoeninger and Peebles 1981).
A quick review of Table 8 (p . 65 ) confirms the elevated
element concentrations in nuts .

A significant

consumption of nuts is further supported by the higher
zinc concentrations in the human and black bear samples
than in the cougar.

It is possible that these high zinc

levels simply reflect the consumption of nuts.
11 3

The varied diet suggested by the trace ele�ent
concentrations of the Gordon Town sample is in accord
with the physica l location of the Gordon Town site .

As

discussed ear lier, the Gordon Town site is located in
the outer portion of the Nashville Basin and the village
inhabitants likely had access to a great variety of food
resources .

It was further suggested that the Gordon

Town people were less dependent on maize horticulture
than contemporary floodplain groups by virtue of their
upland location and the lack of evidence for cultivated
fie lds .

It appears likely, then, when the results of

the trace element analysis are coupled with the site
location and physica l environment, that the Gordon Town
inhabitants took advantage of the great variety of food
resources available to them and that maize was only one
component of the overall diet .
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CHAPTER VI
SUMMARY
The trace element analysis of archaeological human
bone has been primarily applied to questions related to
dietary practices and subsistence behavior of past
populations .

This thesis investigated two aspects of

trace element analysis of human bone .

The first

research goal examined the intraindividual variation of
trace mineral concentrations as compared to the degree
of elemental variation present between all 12
individuals .

The second research goal attempted to

infer dietary behavior and subsistence practices from
the trace element concentrations of the Gordon Town
sample .
Prior to addressing the two research goals, the
effects of several possible complicating factors were
assessed and, if necessary, controlled for .

A few of

the factors, such as overall health of the individual,
bone preservation, and type of grave f loor were
controlled for in the selection of the human sample to
be analyzed . · The eff ects of the other factors, age,
sex, and intrasite burial location, were tested for
statistical significance .

Results indicated no

significant differences in bone element concentrations
between males and females, individuals in the two age
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groups ( 3 0 - 40 years and 40 - 50 years ) , and
individuals buried in different areas of the site .
I ndividuals from these distinct groups were pooled for
all subsequent analyses following statistical testing .
Once the effects of the complicating factors had
been as ses sed, the research goals were addres sed .

With

respect to the comparison of intraindividual variation,
it was established that significant differences existed
between the two to four bones compared within each
individual ( Table 13, p . 92 ) .

There were several

explanations offered for these differences .

First, the

differences may be explained by looking at the � of
bone analyzed - trabecular or compact .

Two bones of

each type of skeletal tis sue were analyzed .

In general,

the element concentrations in the trabecular bones were
more variable than those in the compact bones .

This

situation may be related to different turnover rates in
trabecular and cortical bone ( 10% and 2 . 5 %,
respectively ) .

Differential susceptibility to

diagenesis may also account for the significant element
differences documented between compact and trabecular
bone s - various studies have concluded that smaller,
more porous bones are more susceptible to
postdepositional leaching and/or enrichment of minerals .
The dissimilarity between the bone element
concentrations may also be explained by looking at the
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elements themselves.

Certain elements appear more

variable than others.

Copper concentrations were

significantly different in all comparisons (Table 14, p.
94).

Zinc levels were also variable but not to the

extent that copper was �

Strontium was the least

variable element in all comparisons.

The results

determined in this experiment were not wholly consistent
with what Lambert et al. (1983) concluded - that Sr and
Zn were the least variable elements.

In this instance

Zn was somewhat more variable than expected and Mg was
less variable than expected.
With respect to intra- and interindividual bone
element concentrations, it was demonstrated that in
approximately 14 of 28 instances (50%) intraindividual
variation of element levels was greater than
interindividual differences (Table 15, pp. 99- 100).
These results have an impact on the methodology of trace
element analyses on bone.

They suggest that the element

concentrations of one bone cannot legitimately be
compared to the element levels of a different bone - in
other words, the trace element concentrations of a femur
of one individual cannot be compared to the trace
element concentrations of a rib of another individual.
The second research goal attempted to infer the
dietary practices of the Gordon Town inhabitants from
the trace element concentrations in their bones.
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Absolute or even relative proportions of plant versus
animal foodstuffs in the diet were impossible to
determine primarily because of the unusual element
composition of the carnivore sample and the inaccurate
strontium concentrations.

It was concluded from the

relative element levels, however, that the Gordon Town
inhabitants consumed a diet composed of a variety of
both plant and animal foodstuffs.

This conclusion is in

accordance with what was hypothesized earlier and is
supported by the probable available food resources
(Table 4, pp. 46-49) in the outer portion of the
Nashville Basin during the occupation of the Gordon Town
site.
The consumption of a varied diet by the Gordon Town
people is in contrast to the primary and
disproportionate reliance on maize by Late Mississippian
floodplain inhabitants.

The conclusions reached by the

analysis of the trace element concentrations of the
Gordon Town inhabitants are obviously limited since
little supporting archaeological evidence was collected.
However, with respect to subsistence behavior and local
resource exploitation, the results of this aspect of the
thesis are suggestive of a successful Late
Mississippian, Middle Cumberland Culture adaptation to
an upland environment.

The overall good health and

adequate diet of the Gordon Town people are intriguing
118

and war rant mor e systematic investigations of Late
Mississippian upl and sites.
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APPENDIX
RAW DATA ON HUMAN AND ANIMALS SAMPLES

Table lA .

Tr ace Element Concentrations ( ppm) of the
Gordon Town Site Human Bone Samples .

Burial Sex Age
21

M

Area
1

3

Bone

Mn

Femur
Humerus

Vertebra

Rib

12 . 99
3 37 . 59
314 . 10
298 . 76

847 . 0 0
813 . 00
970 . 00
1210 . 00

Mg

Sr

Cu

Zn

13 . 8 3 8 6 . 5 5 8
16 . 144 7 . 010
15 . 544 6 . 340
20 . 210 10 . 029

95 . 799
245 . 13 0
150 . 97 0
144 . 630

2 2A

M

1

3

Femur
Humerus

16 . 41
129 . 65

754 . 00
764 . 00

4 . 130
3. 720

F

169 . 3 8 0
169 . 980

2 2B

2

3

Femur
Humerus

13 . 440
11 . 212

12 . 25
116 . 33

828 . 00
749 . 00

1 5 . 2 07
16 . 213

92 . 740
119 . 840

24

M

2

3

Femur
Humerus

5 . 007
5 . 503

21 . 15
9 0 . 29
247 . 9 5
25 . 14

945 . 00
803 . 00
766 . 00
1021 . 00

15 . 176
15 . 9 6 3
13 . 661
15 . 006

5 . 958
5 . 649
6 . 591
8 . 846

119 . 040
126 . 120
209 . 49 0
179 . 58 0

Vertebra

Rib

5 . 50
79 . 93
172 . 80
199 . 74

817 . 00
691 . 00
699 . 00
813 . 00

13 . 363
15 . 753
14 . 5 7 1
12 . 967

4 . 559
8 . 901
6 . 368
6 . 730

10 2 . 0 1 0
158 . 460
162 . 3 40
161 . 740

18 . 414 5 . 845
16 . 827 4 . 890
22 . 3 6 6 1 1 . 3 9 6

154 . 470
142 . 700
123 . 220

Rib

Vertebra
27

M

1

3

Femur
Humerus

3 4A

F

2

4

Femur
Rib
Vertebra

17 . 1 3
169 . 90
200 . 71

1454 . 00
1234 . 00
1115 . 00

36

M

2

4

Femur
Humerus
Vertebra

Rib

224 . 82
170 . 01
3 6 6 . 11
185 . 39

865 . 00
833 . 00
918 . 0 0
9 5 6 . 00

14 . 624
11 . 636
13 . 712
13 . 7 4 1

6 . 482
6 . 880
7 . 834
6 . 920

131 . 460
208 . 820
178 . 5 00
140 . 8 20

40

F

1

4

Femur
Humerus
Rib

34 . 93
69 . 14
229 . 01

882 . 00
926 . 00
864 . 00

14 . 403 5 . 127
14 . 3 06 7 . 156
14 . 939 10 . 779

120 . 950
114 . 260
165 . 280

65

F

1

6

Femur
353 . 12
Humerus
932 . 73
Rib
1113 . 65
Vertebra 1 1 9 0 . 4 8

872 . 0 0
817 . 00
816 . 00
888 . 00

15 . 485 6 . 377
15 . 537 5 . 420
13 . 990 8 . 0 88
15 . 9 27 1 0 . 977

247 . 5 5 0
289 . 870
253 . 65 0
349 . 440
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Table lA ( C onti nued )

Burial Sex

Age

Area

Bone

Mn

Mg

66

M

1

6

29 . 05
Femur
Humerus 1 3 5 0 . 4 2
Rib
1342 . 86
Vertebra 1 3 7 5 . 8 1

72

M

1

6

Femur
Humerus
Rib
Vertebra

4 .73
18 . 2 3
49 . 7 1
69 . 05

694 . 00
9 5 4 . 00
682 . 00
980 . 00

76

F

2

6

Femur
Humerus
Rib
Vertebra

8 . 06
10 . 4 4
87 . 1 6
91 . 64

832 . 00
753 . 00
756 . 00
686 . 00

894 . 00
9 5 0 . 00
1004 . 00
1 5 4 9 . 00
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Sr

Cu

Zn

20 . 830 4. 771
20 . 1 1 5 6 . 5 0 9
1 8 . 6 8 3 10 . 5 0 5
19 . 212 12 . 229

93 . 000
8 8 . 570
317 . 740
157 . 120

20 . 046
13 . 945
1 2 . 497
14 . 739

4 . 069
5 . 263
5 . 96 5
5 . 421

164 . 250
172 . 12 0
156 . 150
218 . 190

22 . 2 5 5
27 . 0 5 1
18 . 6 47
21 . 578

4 . 1 17
6 . 09 8
4 . 592
7 . 523

117 . 48 0
120 . 610
202 . 710
133 . 180

Table 2A.

Tr ace Element Concentrations (ppm) of the
Gordon Town Site Animal Bone Samples .

Cu

Zn

1 9 . 810
21 . 910

6 . 131
6 . 397

98 . 460
125 . 36 0

953 . 23
1126 . 38

20 . 8 9 0
17 . 5 0 0

7 . 683
7 . 811

304 . 030
17 0 . 6 6 0

1050 . 89

23 . 400

9 . 533

114 . 86 0

Age

Bone

White-tai led deer

Adult
Adult

Tibia
Humerus

11 . 5 8
46 . 7 0

881 .74
1176 . 24

Black bear

Adult
Adult

Humerus 1 7 0 . 6 7
Mandible 6 1 3 . 8 0

Cougar

Adult

Radius

Animal

Mg

Mn

234 . 91
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